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Often sterile foliage is all that is avail- 
able of coniferous material, either living or 
fossil. Consequently, a knowledge of leaf 
morphology is essential for identification 
and may contribute to an understanding 
of interrelationships. This paper will con- 
sider various types of leaves in terms of 
external morphology, including different 
kinds of phyllotaxy, found among conifers, 
with emphasis on the living genera. Each 
genus or section of a genus of the conifers 
will be included within the scope of this 
study and phylogenetic development of 
the various leaf types will be considered. 

Most previous works which include 
external leaf morphology of the conifers 
involve no more than a single genus or 
consist of a study of the conifers within a 
specific area. A few publications take all 
conifers within their scope. These works 
include: Masters (1889), Pilger ( 1926 ), 
Fitzpatrick ( 1929 ), Florin ( 1931 ), Cham- 
berlain (1935) and Dallimore & Jackson 
(1948). In most cases the external 
morphology of the leaves is only incidental 
to other topics and does not go beyond 
separate descriptions of each genus. In 
no case is there a general comparison of 
leaves of all genera and a grouping of them 
into categories. The most nearly com- 
plete of the above works is Florin, in which 
systematic descriptions are given of the 
external leaf morphology genus by genus 
( or sections of genera where such exist ). 
Since adequate genus descriptions are 
available, they will not be made in this 
paper, which will be limited to comparison 
and grouping of leaves into categories. 

There is a tendency among botanists to 
consider the external morphology of the 
leaf unimportant. Certainly large irre- 
gular margined leaves as found in angio- 
sperms do vary considerably in general 
appearance. Nevertheless, some characters 
are more constant. Among conifers this 


is especially true of such characters as 
venation, bilateral as opposed to bifacial 
flattening, attachment to the stem, and 
distribution of stomata. On the other 
hand, differences between linear and lan- 
ceolate shapes, bluntly pointed or cuspi- 
date tips, and relative length are quite 
variable. Actually, among conifers the 
leaves in general are more uniform in their 
external morphology than are thereproduc- 
tive structures. It is, therefore, felt that a 
comparison and classification of coniferous 
leaves in term of external morphology will 
have some value. 

Material for this paper has been collected 
over a period of several years. Native and 
cultivated conifers of North and South 
America have been studied thoroughly. 
The late Dr. Buchholz of the University of 
Illinois generously supplied material from 
the South Pacific area, especially New 
Caledonia. Specimens have been obtained 
by correspondence from such areas as 
Tasmania and South Africa. - In addition, 
the conifer specimens in the Arnold 
Arboretum herbarium, the herbarium at 
the Chicago Museum of Natural History, 
and the herbaria of the universities of 
Illinois and California, among others, have 
been studied. The descriptions in Pilger 
(1926), Florin (1931) and Dallimore & 
Jackson (1948) have been referred to 
where necessary. Most observations made 
in this paper result from direct examina- 
tion of specimens. In Table 1 those forms 
are indicated for which published refer- 
ences were the only source of information. 
The classification of genera and families 
used in this paper is that of Florin ( 1944, 
Part 7, pp. 458-459). Sections of the 
genera Araucaria, Tsuga, Picea, Libocedrus, 
and Juniperus and the groups of Dacrydium 
used are the same as in Florin (1931). 
The sections of Podocarpus used are those 
of Buchholz & Gray ( 1948, p. 55 ). 
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TABLE 1 
GENUS OR SECTION 1 2 3 + 5 
Araucariaceae 
Araucaria 
Colymbia III, IV IV IV a 
Eutacta II I IV a 
Agathis III IV IV Vv h 
Pinaceae 
Larix A II LE PAL a,h 
Pseudolarix II II II h 
Cedrus II I I a 
Pinus II — — (a) 
Tsuga 
Eutsuga II II II h 
Hesperopeuce II II IT a 
Picea 
Eupicea IT I I a 
Omorika II II II e 
Pseudotsuga II II II ; h 
Keteleeria III LT II a,h 
Abies at II II a,h 
Taxodiaceae 
Cryptomeria IT I I a 
Athrotaxis IL II LRU e,a 
Taiwania II I III a 
Cunninghamia II II II h, a 
Sciadopitys II = = (h) 
Taxodium CE II LT LIT a 
Glyptostrobus IT I ADD a 
Metasequoia II II II Vv a 
Sequoia II II ELE a 
Sequoiadendron ai I III a 
Cupressaceae 
Cupressus II II III v a 
Chamaecyparis II EHREET III v a 
Thuja II III LET v a 
Biota II III III Vv a 
Thujopsis II III III v a 
Libocedrus 
Heyderia II III III v a 
Eulibocedrus II III III v A, 
Fokienia II III III Vv a 
Pilgerodendron II III III v e 
Fitzroya II II III v a 
Diselma ? ? III Vv a 
Widdringtonia II II III Vv a 
Callitris II 9 9 ie W D III Vv a 
Neocallitropsis IT IT IT Vv a 
Tetraclinis II III III v a 
Actinostrobus TI II EHE Vv a 
Microbiota "2 Ge. III v a 
Arceuthos II II II Vv e 
Juniperus + 5 
Sabina II LE LESE v a 
Oxycedrus II II II v e 


oo, 
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NE TT Pr RM ee 
TABLE 1 — continued 


GENUS OR SECTION 1 2 3 4 5 
Podocarpaceae 
Saxegothaea II II II h 
Dacrydium 
A II I I a 
B II I I a 
C INR 10 ID, LOU Int a 
Microcachrys ? ? III v e 
Pherosphaera ? ? III e 
Podocarpus 
Dacrycarpus II I I-III a 
Microcarpus x ? ip III a 
Polypodiopsis II II IT v a 
Afrocarpus ? ? II v a 
Nageia ? ? IV v a,h 
Sundacarpus TE II II h 
Stachycarpus IL II II h 
Eupodocarpus II II IT h 
Acmopyle II I I-III a 
Phyllocladus II — — (h) 
Cephalotaxaceae 
Cephalotaxus III II II v h 
Taxaceae 
Amentotaxus ? ? II v h 
Austrotaxus ? ? II h 
Torreya III II II v h 
Taxus II II TL h 
Nothotaxus ? ? II h 
NoTEs — In columns 1, 2 and 3 the symbols “I”, “II”, “IIL” and “IV” refer to leaf 


types discussed in the text; column 1 is for seedling or juvenile leaves, column 2 is for transitional 
leaves, and column 3 is for mature leaves. The symbol “ — ’ indicates a specialized leaf type 
as described in the text. ‘‘?’’ indicates that information is lacking for this position. The 
symbols underlined are those not examined by the author. Two or three symbols in the same 
column separated by a comma indicate that different species of this genus have different kinds 
of leaves, and two symbols in the same column separated by a dash indicate that two kinds of 


leaves may be found on the same plant after it becomes mature. 
for all genera in which opposite or whorled leaves are found. 


A “v’ is placed in column 4 


In column 5, “ a’ stands for 


amphistomatic, ‘“‘e’’ for epistomatic, and ‘‘h’”’ for hypostomatic leaves of the mature plant only. 


Fossil Conifer Leaves 


Before considering the leaf forms of 
living conifers, a brief look should be taken 
at fossil conifer leaves. 

A series of cone forms in the younger 
Palaeozoic and older Mesozoic has been 
described which leads step by step from 
the earliest known conifers to the present 
living forms (Florin, 1944, Part 7). 
Associated with these cone forms (in 
many cases found attached ) are a series of 
leaf forms. In the Upper Carboniferous 
and the Lower Permian are the Walchia 
type leaves (Lebachia and Ernestioden- 
dron). These leaves are spirally disposed 


spreading, with the tip curved parallel to 
the axis or even inwards, triangular, 
bluntly tetragonal in cross-section, general- 
ly more strongly keeled on the under than 
on the upper side, and probably single 
veined (Florin, 1944, Part 6, pp. 383-384). 
In the Upper Permian are the genera 
Pseudovoltzia and Ulmannia. The leaves 
of the former are “spirally disposed, 
spreading, decurrent, glabrous, dimorphic; 
at the ends of the branches long, linear, 
flattened, obtuse; on the lower part of the 
branches shorter, slightly incurved, sub- 
tetragonal in transverse section...”, 
while the leaves of the latter are “ spirally 
disposed, crowded, glabrous, ovate or 
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lanceolate, acute or obtuse, decurrent, 
often keeled, spreading or adpressed, 
somewhat flattened...’’, and uninerved 
( Florin, 1927, p. 5). In the Triassic is the 
genus Voltzia. According to Seward ( 1931, 
p. 305 ), ‘‘ In habit Voltzia resembled some 
existing araucarias, such as A. excelsa ; the 
more slender branches bore short, spirally 
disposed leaves like those of the shorter- 
leaved species of Araucaria and others 
that are straighter and longer, a difference 
in leaf-form that is characteristic of the 
genus’’. In the early Mesozoic there are 
several leaf types which belong primarily 
to form genera. One of these is Pagio- 
phyllum to which belong “ unattached 
shoots bearing short, spirally arranged, 
falcate leaves seemingly Araucarian... 
imbricate, crowded, broadly tetargonal in 
cross-section, and possessing a distinct 
dorsal keel’’ (Arnold, 1947, p. 313). 
Another is Elatides, which has spirally 
arranged falcate leaves resembling Arau- 
caria ( ibid., p. 320), and a third is Elato- 
cladus, to which are assigned miscellaneous 
leaves generally short, thick and falcate 
(ibid., pp. 326-327). A fourth genus 
in this category is Brachyophyllum with 
“ araucarioid ” leaves. An investigation 
of Elatides showed that it belongs to 
Taxodiaceae (Harris, 1943). Florin (1940) 
relates some specimens of Pagiophyllum to 
Araucaria (pp. 53, 80-81 ), various speci- 
mens of Ælatocladus to Podocarpaceae 
( Dacrydium, Podocarpus sec. Dacrycarpus 
and Acmopyle ) (pp. 30-31, 41, 61, 63-64 ), 
and various specimens of Brachyophyllum 
to Podocarpus sec. Dacrycarpus (p. 69) 
and Araucaria (pp. 80,81). By the Jurassic 
many modern genera are definitely present. 
Many-veined leaves belonging to the coni- 
fers from the Permian and Triassic are 
rare. Cordaites was still present in the 
former period and in the Triassic such 
sterile forms as Yuccites ( Arber, 1909 ) are 
found which are thought to be forms of 
Cordaites. In the Lower Triassic are found 
sterile leaves called Albertia which are said 
to resemble Agathis ( Florin, 1944, Part 6, 
pp. 389-390 ). 

The fossil records show a fairly consis- 
tent type of leaf associated with the 
developing coniferous cones from the Upper 
Carboniferous through the Permian and 
Triassic. This leaf is short, falcate in 
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profile, and tetragonal in cross-section. 
The frequent reference to Araucaria for an 
example of this type of leaf is unfortunate 
since the species of Araucaria, which have 
this type of leaf in the juvenile form, 
always have very different leaves in the 
mature form. The descriptions and ac- 
companying illustrations, however, indicate 
clearly what is meant. Ulmannia is 
essentially an exception to this leaf type. 
The cones of this genus are, however, 
somewhat specialized and the leaves, 
although being flattened, are keeled and 
uninerved. By the later Triassic, various 
leaf forms had evolved which suggest 
modern families or even genera. It is of 
interest to note that the particular genera 
suggested have leaves of similar appear- 
ance to the generalized form described 
above. 


Leaf Forms of Living Conifers 


The leaves of the living conifers can be 
grouped into four major forms. The first 
of these is the same as the generalized leaf 
of the early fossil conifers. This will be 
called leaf type I. A second leaf form is 
the linear or lanceolate and flat leaf which 
will be labelled type II. Scale leaves will 
be designated as type III. The last major 
leaf type among living conifers is the 
broad, oval, flat, many-veined form called 
here type IV. Table 1 shows the leaf 
types belonging to the various genera and 
sections of genera. The table has been 
divided into three classifications of leaves, 
one for the seedling or juvenile leaf type 
(the first kind of leaf to appear in the 
ontogeny of the plant ), a second for the 
transitional leaf types ( often the same as 
the juvenile or mature), and finally a 
third classification for the mature leaf type 
(the type of leaf appearing on a plant 
which has reached the reproductive stage ). 
There may be a second leaf type in some 
genera in one or two classifications where 
differences occur between different species, 
between branches of the last and next to 
the last order, or with age. Dashed lines 
indicate highly specialized vegetative 
organs in three genera. These are double 
needles in Sciadopitys, bundles of needles 
in Pinus and phyllodes in Phyllocladus. 
It can be seen that a single individual may 
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have as many as three leaf types during 
its ontogeny, out of the four general types 
present for all conifers. The distribution 
and characteristics of each leaf type will 
be examined below. 


Type I 


Leaf type I consists of leaves which are 
distinctly tetragonal in cross-section and 
falcate in profile. The condition produ- 
cing a tetragonal cross-section is that of 
being distinctly keeled on both the upper 
and lower sides of the leaf. The magni- 
tude of these keels with respect to the 
lateral margins may vary considerably. 
By falcate in profile is meant a more or less 
S-shaped form. The leaf parts from the 
stem at a fairly large angle. Near the tip 
the leaf curves inward back toward the 
stem. The amount of curvature varies. 
Leaves with this character have been 
referred to as “ incurved ”’ (as opposed to 
recurved ). There may be more than one 
vascular bundle in leaves of type I. 

Besides being the commonest fossil leaf 
form for conifers, leaf type I occurs among 
four of the living families. In Araucaria- 
ceae it is the transitional type leaf for 
Araucaria section Eutacta; it appears in 
four genera of Taxodiaceae; in. Podocar- 
paceae, besides Dacrydium and Acmopyle, 
it is the mature leaf form for Podocarpus 
section Dacrycarpus; and in Pinaceae it 
appears in Picea section Eupicea, Cedrus, 
and occasionally in Larix. The specialized 
leaves of Pinus and perhaps even. of 
Sciadopitys are probably derived from this 
leaf type. Many of the fossil forms would 
be impossible to distinguish from some of 
the living forms by their external morpho- 
logy alone. 

Figs. 1-15 show the different kinds of 
leaves assembled into type I. A profile 
view is shown for each leaf with a cross- 
section at about the middle, the position 
of the vascular bundle being indicated by 
a solid circle. The stem is to the left, 
oriented vertically. It can be seen that 
among all families of the living conifers 
with this kind of leaf, some genera show 
forms with bilaterally flattened ( or com- 
pressed ) leaves. Extreme cases of this 
are Dacrydium group A (Fig. 13) and 
Acmopyle (Fig. 15), the former being 
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nearly oval in profile, the latter being 
differentiated into left and right surfaces. 
In Pinaceae all leaves of type I have cons- 
trictions at the base and eventually fall 
from the branch leaving a raised pulvinus. 
Occasionally leaves of type I are only 
slightly curved in profile or are straight. 
This character varies even on an indivi- 
dual. ; 

Some other characteristics of leaf type I 
are significant. The first leaves of a seed- 
ling are never leaf type I, but where this 
leaf type occurs in the transitional leaves 
of a plant, the first leaves are always leaf 
type II. Also leaves of type I are always 
amphistomatic and spirally placed on the 
stem. Leaves of type I are often followed 
by type III and in Avaucaria are followed 
by type IV, but are never followed by 
type II. 


Type II 


The commonest kind of leaf among living 
conifers is the linear or lanceolate form 
which is bifacially flattened. The attach- 
ment to the stem may be as wide as, 
through all variations, to much narrower 
than, the leaf. In the latter case the leaf 
may approach an ovate shape. Only one 
vascular bundle appears in the leaf blade. 
In very flat leaves this vascular bundle 
may appear as a ridge on the surface, or in 
other leaves may appear as a slight depres- 
sion. The degree of flattening may vary. 
Some leaves may have a distinct keel on 
the abaxial side of the leaf and be tri- 
angular in cross-section. Falcate curving 
of the leaf to the left or right is common 
but in profile this leaf form is usually 
straight. Leaves corresponding to the 
above description will be designated as 
type II. 

All families of living conifers have leaf 
type II in some genus at some period of 
ontogeny. There are mature forms with 
this type of leaf in every family but 
Araucariaceae where it occurs only on the 
seedlings in section Eutacta of Araucaria!. 


1. The juvenile leaves of Araucaria section 
Colymbia are not far removed from leaf type II 
in shape. The leaf is often nearly linear and in 
some, at least, has a prominent central vascular 
bundle and less prominent lateral vascular 
bundles. 
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Fics. 1-15 — Fig. 1, Picea abies. x 2. Fig. 2, Picea ( most species of section Eupicea ). 
X 1-4. Fig. 3, Cedrus. X 2-3. Fig. 4, Taiwania (transitional). x 2-4. Fig. 5, Cryptomeria. 
x 2-4. Fig. 6, Glyptostrobus. x 4. Fig. 7, Sequoiadendron ( transitional ). x 2. Fig. 8, Araucaria 
section Eutacta (transitional). Above: general type. x 4-3. Below: A. bernieri. X 2. Fig. 9, 
Dacrydium, group C (transitional in some species). x 2. Figs. 10-12, Dacrydium, group B: 
Fig. 10, transitional leaves of all species, mature for some. x 2. Fig. 11, later transitional leaves 
for some species. x 3. Fig. 12, mature leaves for a few species. X 4. Fig. 13, Dacrydium, group 
A. X 1. Fig. 14, Podocarpus section Dacrycarpus. X 3-5. Fig. 15, Acmopyle. x 1. 
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Fics. 16-48 — Fig. 16, Pinus (juvenile). x 1-2. Fig. 17, Cedrus (juvenile). x1. Fig. 
18, Larix. x 1-2. Fig. 19, Pseudolarix. x1. Fig. 20, Tsuga. x2. Fig. 21, Tsuga section 
Hesperapeuce (mature). x 1. Fig. 22, Picea section Eupicea (juvenile). x 2-4. Fig. 23, 
Picea section Omorika. x 1-3. Fig. 24, Keteleeria. x 4-1. Fig. 25, Pseudotsuga. X 1. Fig. 26, 
Abies. X 3-2. Above: specialized leaf tips. Fig. 27, Cunninghamia. x 1. Fig. 28, Cryptomeria 
(juvenile). x 2-3. Fig. 29, Glyptostrobus (juvenile). x 2-3. Fig. 30, Taxodium. x 2-6. Fig. 31, 
Metasequoia. x 1-3. Fig. 32, Athrotaxts selaginoides. x 2-3. Fig. 33, Sequoia. x 2-3. Fig. 34, 
Sequoiadendron (juvenile). X 3-5. Fig. 35, Cupressaceae (juvenile). x 2-5. Fig. 36, Juniperus. 
x 2-4. Fig. 37, Arceuthos. x 2. Fig. 38, Neocallitropsis and transitional leaves of Callitris 
neocallidonicus. x 2-4. Fig. 39, Fitzroya (transitional). x 3-6. Fig. 40, Avaucaria section 
Eutacta (juvenile). x 2-4. Fig. 41, Phyllocladus (juvenile). x 3. Fig. 42, Saxegothaea. X 2-3. 
Fig. 43, Dacrydium, group A (juvenile). x 2. Fig. 44, Dacrydium, group B (juvenile). x 3. 
Fig. 45, Dacrydium, group C (juvenile). x 1-4. Fig. 46, Acmopyle (juvenile). x 2. Fig. 47, 
Podocarpus section Dacrycarpus (juvenile). x 6. Fig. 48, Podocarpus section Stachycarpus. 
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Fics. 49-62 — Fig. 49, Podocarpus section Eupodocarpus, 3 views: top, usual. x 4-2; middle 


and below, variations in form. x 4. 

Podocarpus section Afrocarpus. x 4-1. 
53, Taxus and Nothotaxus. x 2-3. 
56, Austrotaxus. x }. 
Fig. 59, Agathis (usual). x 4-1. 
Eutacta. x 1-8. 


Besides Araucaria section Colymbia, Aga- 
this and probably Podocarpus section 
Nageia (the seedling of which I have not 
seen), all genera and sections of genera 
where the complete ontogeny is known, 
and also several that are partially known, 
have leaves of type II at some time during 
the life cycle. There is no reason for 
assuming that the remaining genera and 
sections of genera (5 out of the 66 being 
considered in this paper) differ from this 
statement. 


Fig. 54, Torreya. x 4-2. 
Fig. 57, Cephalotaxus. x 1-2. 
Fig. 60, Agathis (variation). x }. 
Fig. 62, Araucaria section Colymbia. X 1-2. 


Fig. 50, Podocarpus section Sundacarpus. x 4. Fig 51 
Fig. 52, Podocarpus section Polypodiopsis. % 1-2. 


Fig. 
Fig. 55, Amentotaxus. x 4-1. Fig. 
Fig. 58, Podocarpus section Nageia. x 4-1. 
Fig. 61, Araucaria section 


The various outlines of those leaves 
belonging to type II are shown in Figs. 
16-57, accompanied by a cross-section of 
each leaf at about the middle and on which 
the position of the vascular bundle is 
indicated by a solid circle. As was pointed 
out above, those that are much wider than 
the stem upon which they are attached 
approach an ovate shape ( Podocarpus 
sections Polypodiopsis, Sundacarpus and 
Eupodocarpus ). There tends to be less 
constriction at the base of the juvenile 
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leaves in contrast to the mature leaves. 
Consequently, those genera where leaf type 
IT is confined to juvenile leaves, little cons- 
triction at the base is found?. All grada- 
tions between linear and lanceolate are 
found. Mature leaves of Neocallitropsis 
and of Tsuga section Hesperopeuce as well 
as transitional leaves of Callitris neocali- 
donicus are strongly triangular in cross- 
section. 

Like leaf type I, certain characters of 
leaf type II are significant. Except in 
some genera where the main axis of the 
seedling is quite vigorous and the leaves 
are not always fully developed ( Cephalo- 
taxus, Torreya and Keteleeria — probably 
Amentotaxus and Austrotaxus also), the 
seedling has leaves of type II if this leaf is 
to be found in the ontogeny of the plant at 
all. In the exceptions named, leaf type II 
soon appears on the main axis. Leaf type 
II is never preceded in the ontogeny by 
any other leaf type (other than the not 
fully developed leaves noted). It may 
be followed by types I or III, or may 
continue to the mature plant. 


Type III 


All forms of scale-like conifer leaves have 
been grouped into leaf type III. Scale 
leaves are essentially reduced leaves of 
other types and may vary considerably in 
general appearance. Scale leaves taper 
sharply from the point of attachment. 
The free portion of the leaf may be smaller 
than the decurrent part. In most cases, 
scale leaves are closely appressed to the 
stem. They are usually considerably 
wider than they are thick. Variation in 
the external morphology of scale leaves 
includes the proportion of the leaf free 
from the stem, the length of the free por- 
tion in comparison with the width and 
the angle the free portion makes with the 
stem. 

Scale leaves occur in four places; on 
seedlings (see above ), as mature. leaves, 
as winter buds, and at the base of repro- 
ductive structures. Only in the second 
case are these leaves to be considered 
vegetative. On seedlings they occur in 


2. Juvenile leaves also tend to be narrower, 
compared to length, than mature leaves. 


three families, as was described in the dis- 
cussion of leaf type II above, as modifica- 
tions of leaf type II and in Araucaria- 
ceae on Agathis and on some species of 
Araucaria section Colymbia as modifica- 
tions of leaf type IV. On mature plants 
scale leaves appear in the families Taxo- 
diaceae, Cupressaceae and Podocarpa- 
ceae. 

Portions of branches with leaves of type 
III are shown in Figs. 63-90 (for Cu- 
pressaceae a silhouette of the end view of a 
stem is also shown in order to demonstrate 
those forms where flattening of the stem 
has taken place). These are for mature 
leaves only. The scales of most of the : 
genera are quite similar, being triangular, 
thick and sharply keeled on the back. 
This includes Dacrydium, group C, Phe- 
rosphaera, Microcachrys, Athrotaxis, Tai- 
wana, Sequotadendron, Sequoia, Juniperus, 
Cupressus, Widdringtonia and Diselma’. 
The mature branches of a large group of 
the Cupressaceae become flattened so that 
the lateral leaves differ from the facial 
leaves. This includes Microbiota, Biota, 
Chamaecyparis, Thuja, Thujopsis, Fokienia 
Libocedrus, and at least one species of 
Cupressus. Of slightly different form but 
somewhat flattened are the branches of 
Tetraclinis. This genus, Callitris. and 
Actinostrobus have lengthened decurrent 
portionsand the first two of these have very 
small free parts of the leaf. The latter 
genus, Fitzroya and Pilgerodendron have 
spreading scales. The scales of Glyptostro- 
bus, Taxodium, Acmopyle and Podocarpus 
section Dacrycarpus are long and narrow 
and are closely appressed to the branch. 
The first of these has only a short free 
portion. In the latter two genera the 
scale leaves are confined to essentially 
non-vegetative branches. Alone among 
the scale-leaved forms, the leaves of section 
Microcarpus of Podocarpus are not thick. 
The leaves of this section are flat, trian- 
gular and somewhat membranous. ( See 
Discussion for more detailed descriptions 
of certain genera.) 

There is no distinction between the 
leaves of type III that follow leaf type I 


3. Certain species or varieties of Libocedrus 
and Chamaecyparis also have leaves of this form 
in the mature condition. 


X 4. 
Actinostrobus. X 4. Fig. 69, Callitris. X 4-8. 


Fics. 63-90 — Fig. 63, Cupressus and Juniperus (in part). 
Fig. 65, Diselma. x 4. Fig. 66, Fitzroya. x 4. Fig. 67, Pilgerodendron. x 4. Fig. 68, 
Fig. 70, Tetraclinis. 
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x 4. Fig. 64, Widdringlonia. 
X 4. Fig. 71, Microbiota. 


x 4. Fig. 72, Biota. x 4. Fig. 73, Chamaecyparis. x 4. Fig. 74, Libocedrus section Heyderia. 


x 4. Fig. 75, Fokienia. x 2. 


x 4. 


Glyptostrobus. x 4. Fig. 84, Taxodium. 


Fig. 76, Thuja. x 2. 
section Eulibocedrus and Chamaecyparis ( transitional ). 


Fig. 77, Thujopsis. X 2. 


Fig. 78, Libocedrus 
A2; 


Fig. 79, Athrotaxis cupressoides. 


Fig. 80, Taiwania. x 4. Fig. 81, Sequoiadendron. x 4. Fig. 82, Sequoia. x 4. Fig. 83, 
x 4. Fig. 85, Dacrydium, group C. x 4. Fig. 86, 


Pherosphaera. x 4. Fig. 87, Microcachrys. X 4. Fig. 88, Podocarpus section Microcarpus. x 4. 
Fig. 89, Podocarpus section Dacrycarpus. x 4. Fig. 90, Acmopyle. x 4. 


and those that follow leaf type II in the 
ontogeny of a plant. In fact in group C 
of Dacrydium, the mature scales of all 
species are alike, but some follow directly 
the juvenile leaves of type II and some 
follow transitional leaves of type I. In 
Dacrydium franklinii (the same group as 
above) scale leaves follow directly after 


the cotyledons. Except for this case, all 
scale leaves of mature plants are preceded 
by leaf types I or II. Except for the 
scale leaves on seedling plants that are 
immediately followed by leaves of types II 
or IV, leaves of type III are never followed 
by any other leaf type, but remain the leaf 
form of a plant once they appear. 
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Type IV 


A few living conifers have broad, ovate, 
flat, many-veined leaves. These leaves 
are designated here as leaf type IV. The 
actual shape of leaves of this type varies 
from lanceolate to ovate, often on a singie 
individual. The attachment to the stem 
may be narrow ( Agathis and Podocarpus 
section Nageia) or broad ( Araucaria ). 
In the latter case the leaves are often 
curved part way around the stem and 
may even be falcate in profile. 

Leaves of type IV occur only in Arau- 
cariaceae and Podocarpus section Nageia. 
These leaves are shown in outline in Figs. 
‚58-62. 

Leaves of type IV may follow the coty- 
ledons, may follow a few scale leaves on 
the seedling, or may follow leaves of type I. 
The latter case occurs in section Eutacta of 
Ayaucaria. When this occurs, the leaves 
become wider and wider as the tree 
matures, while their profile remains the 
same. In the older parts of trees belong- 
ing to Araucaria section Colymbia, the 
leaves may have the same shape as 
the mature leaves in the other section 
of the genus. In the juvenile state 
they are usually quite flat and resem- 
ble Agathis closely, the major difference 
being the width of attachment to the 
stem. 


Phyllotaxy 


In general, leaf placement can be spiral, 
opposite or whorled. All these forms 
appear within the living conifers. How- 
ever dispersed their leaves may be, there 
are no plants with leaves in less than four 
ranks within this group. Practically all 
fossil conifers have spirally disposed leaves 
as does a large part of the living conifers. 
In most cases the spirals conform to the 
Fibonacci series. Column 4 in Table 1 
shows the distribution of whorled and 
opposite leaves as found in mature conifers. 
It can be seen that whorled or opposite 
leaves occur in every family of conifers 
except Pinaceae. Only in Cupressaceae 
do all genera have forms with opposite or 
whorled leaves. 

A study of seedlings show that the first 
leaves usually form a whorl alternating 


with the cotyledons. Where there are 
only a few cotyledons (2-4) and the 
leaves are not too dense, subsequent 
whorls may alternate with each other for 
at least the entire first year of growth. 
This is often true, for example, for such 
usually spiral genera as Cryptomeria, 
Sequoia, Sequoiadendron, Taxus, and Tsuga. 
The seedlings of several genera or sections 
of genera with opposite decussate leaves 
were examined. These include Agathis, 
Metasequoia and Podocarpus section Poly- 
podiopsis. In each case opposite decussate 
leaves appear above the cotyledons and 
continue to the adult leaves. Occasional 
lateral branches of Metasequoia and Aga- 
this have been observed to be spiral. In 
Podocarpus section Afrocarpus the leaves 
on some branches are spiral and on some 
are opposite. The seedling condition here 
is not known. 

The leaves in Cupressaceae are essential- 
ly whorled, while whorled leaves in mature 
conifers occur only in this family. Here 
opposite leaves are just a special case of 
the whorled condition. An examination 
of the seedlings of eight genera of Cu- 
pressaceae showed that whenever there 
were two cotyledons, these were followed 
by two decussate leaves which were then 
usuaily followed by alternating whorls of 
four. In the literature Florin (1931) 
describes or quotes references indicating 
that this is true for nine genera of the 
Cupressaceae, three of which are different 
from the genera mentioned above. A 
similar description was given for an 
additional genus in a note in the Gardener's 
Chronicle (Lynch, 1911). Indeed, the 
only genus with this seedling condition 
being reported here for the first time is 
Neocallitropsis. When more than two 
cotyledons are present, the following 
leaves are usually in whorls alternating 
with the cotyledons. After several such 
whorls there is usually a shift to alternat- 
ing whorls of four (no shift, of course, 
where there are four cotyledons). More 
than two cotyledons are rare for most 
genera of Cupressaceae. In Neocallitropsis 
the mature leaves are in alternating whorls 
of four. In many genera the leaves are in 
alternating whorls of three and the remain- 
ing are in whorls of two. The manner of 
reducing the number of leaves per whorl 
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from four to three or two takes place in 
various manners even in one species. It 
can proceed by steps from four to three 
and to two or directly from four to two. 
Rarely, this reduction of phyllotaxy pro- 
duces a double needle*. Occasionally, 
whorls of three appear directly above the 
first two leaves. Instead of changing by 
steps the leaves can go into a spiral. This 
is especially true of Widdringtonia where 
an entire young tree may bear spiral leaves. 
Sometimes the spiral condition follows 
directly after the first two leaves which 
themselves may be subopposite. In the 
above-mentioned genus most seedlings 
examined were whorled first, before be- 
coming spiral. These spirals are usually 
not in the Fibonacci series, but are 
quite irregular and may return momen- 
tarily to a whorled condition. Table 2 
shows where different whorled conditions 
have been reported for various genera 
of Cupressaceae. 

An interesting exception to the above- 
described seedling condition in Cupressa- 
ceae is found in two genera of this family 
from Chile, Fitzroya and Pilgerodendron. 
In these genera the seedling is purely 
opposite decussate. Later in Fitzroya 
leaf arrangement changes to alternating 
whorls of three, or on vigorous branches 
of four. The author noted a single 
case in Pilgerodendron where a lateral 
branch of a seedling had leaves in alter- 
nating whorls of three; otherwise this 
genera has leaves placed always opposite 
decussately. 

Not all opposite leaves among conifers 
are decussate. A peculiar condition of 
spirally placed opposite leaf pairs occurs 
in several genera. For example, in Tor- 
reya and Cephalotaxus opposite pairs will 
be in groups of three forming six ranks 
on the stems or in the latter genus they 
may be in five pairsintenranks. Amento- 
taxus is opposite decussate which may be 
considered a special case of the spiral 
pairs, since this genus belongs to the same 
family as Torreya. Other numbers of 
pairs in a group may also exist in these 


4. Double needles have also been observed 
in Pinaceae on seedlings where whorls of 
many cotyledons are being reduced to a simple 
spiral. ; 
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TABLE 2 
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GENUS 


Cupressus 
Chamaecyparis 
Thuja 

Biota 
Libocedrus 
Thujopsis 
Fokienia 
Widdringtonia 
Callitris 
Neocallitropsis 
Actinostrobus 
Juniperus 
Microbiota 
Arceuthos 
Diselma 
Tetraclinis 
Pilgerodendron 
Fitzroya 


MESA EEE EHRE 
SEILER U PRESSE CK 
CP de PDO D oe eS 
AR DUR RER EL IE Er 


Notes — Column 1 is for the condition of 
two cotyledons followed by two leaves alternat- 
ing with the cotyledons followed by several 
whorls of four leaves alternating with the first 
four leaves. Column 2 is for alternating whorls 
of two leaves, column 3 is for alternating whorls 
of three leaves, and column 4 is for alternating 
whorls of four leaves.. The symbol “x” 
indicates that the condition of the column has 
been seen in that genus. The symbol ‘—’” 
indicates that the condition of the column is not 
found in that genus. The symbol ‘‘?” indicates 
that the genus has not been examined for the 
condition of the column. 


species. Investigation of seedlings of 
Torreya showed that the leaves begin by 
being opposite decussate, a condition that 
may prevail for the first year or two. 
This is followed by spiral placement of 
the leaves for a few seasons’ growth after 
which the groups of three opposite pairs 
of leaves are found. 

Seedlings of Cephalotaxus examined 
showed a variety of leaf arrangements. 
In one seedling, groups of five spirally 
placed opposite pairs of leaves were found 
to follow the cotyledons. In the remain- 
ing, irregular spiral placement of leaves 
immediately or eventually appeared on 
the seedling. If not immediately, the 
cotyledons were followed by an opposite 
pair of leaves alternating with the coty- 
ledons and in several cases alternating 
whorls of four leaves ( as in Cupressaceae ) 
followed this pair or a few irregularly 
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placed leaves. Seedlings of Amentotaxus 
have not been studied. 

Curiously, an investigation of the 
branches of next to last order of Araucaria 
section Eutacta revealed a similar condition 
of opposite spirals. Here in one case 
pairs of leaves were in groups of 16 which 
required three ( or five, depending on the 
direction taken around the stem ) revolu- 
tions between two leaves one directly 
above the other. The leaves were in 16 
ranks since at the midpoint of the group 
the leaf in the opposite spiral was directly 
above the first leaf position of one spiral. 
In a second case the situation was the 
same except that the pairs were in groups 
of 26. In many cases branches of the last 
order were given off from each of an 
opposite pair of leaves. The species in 
the first case was A. bernieri and in the 
second A. balansae. It might be added 
that no such situation was expected. 
These branches were being examined to 
determine what spiral order they had. 
It was necessary to diagram the leaf 
positions carefully, with the unexpected 
final result as described above. The 
branches of the last order attached to 
these branches had leaves in the Fibonacci 
series. 

The placement of the leaves in most 
of the genera, which ordinarily have 
spirally disposed leaves, was examined. 
In many cases branches of the next to 
last order, or even of the first order, were 
examined. All were found to conform 
to the Fibonacci series except those 
mentioned in the previous paragraph. 
The number of ranks of leaves on a stem 
within the conifers is usually not fixed. 
The number of ranks may change within 
a few inches on a single branch. Ortho- 
stiches become parastiches and parastiches 
become orthostiches quite freely. 


Other External Morphological 
Characters of Leaf 


Various characters of external leaf 
morphology have been examined to deter- 
mine what if any might be significant. 
These characters are: distribution of the 
stomata, leaf tip, leaf margin, and leaf 
base, as well as the character of winter 
buds if present. 
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DISTRIBUTION OF STOMATA 


For a complete description of the 
distribution of stomata and their charac- 
teristics the student should see Florin’s 
study of the cuticular anatomy of conifers 
( Florin, 1931). 

In conifers the stomata are usually 
grouped into two longitudinal zones on 
either side of the midrib. In some cases 
the distribution of stomata crosses the 
midrib, for example in some species of 
Podocarpus sections Polypodiopsis and 
Sundacarpus, Acmopyle and in Pilgero- 
dendron. On leaves of type IV the 
stomata are distributed over the entire 
face of the leaf. The individual stomata 
are placed distinctly within rows for most 
conifers. In the above cases where they 
are not restricted to two zones, they are 
distinctly in rows. The stomata are less 
distinctly in rows or quite unevenly dis- 
tributed within each longitudinal zone 
for most genera of Taxodiaceae and 
Cupressaceae. The area of stomata is so 
limited on most scale leaves that the 
above statements may not apply to them. 
In this case it is a question of a small 
group of stomata on the free portion of 
the leaf. 

Column 5 in Table 1 shows the distri- 
bution of amphistomatic, hypostomatic, 
and epistomatic leaves of mature plants 
within the various genera. Most conifer- 
ous leaves are amphistomatic. According 
to Florin, this condition occurs in all 
families, although in Cephalotaxaceae 
and Taxaceae he reports it only on seed- 
lings. Hypostomatic leaves occur in every 
family. In Cupressaceae this condition 
is found only on Libocedrus chilensis 
where the upper surface of the leaf is 
greatly reduced. In Cephalotaxaceae and 
Taxaceae all mature leaves are hyposto- 
matic. Epistomatic leaves are not com- 
mon among conifers, but are found in 
several families. This type of leaf is 
found on Athrotaxis, Pilgerodendron, Calli- 
tris, Arceuthos, Juniperus, Microcachrys, 
Pherosphaera, Pinus and Picea section 
Omorika. In most of these genera, amphi- 
stomatic leaves are also found. Leaf type 
I is always amphistomatic. Leaf type II 
may have any of the three kinds of dis- 
tribution. Scale leaves, or leaf type II, 
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are often epistomatic, but also often 
amphistomatic. Only in Libocedrus chilen- 
sis are leaves of type III hypostomatic. 
Leaves of type IV may be amphistomatic 
or hypostomatic. 


LEAF TIP 


The tips of coniferous leaves are nearly 
always pointed. In Abies the tip may be 
pointed, bifid and blunt, or double 
pointed. In other genera the tip varies 
from bluntly pointed (Tsuga) to tipped 
with a sharp spine (Torreya). Consider- 
able variation is found even on an in- 
dividual as to the sharpness of the tip. 
In general shape the tip varies from 
rounded ( the blunter cases) to cuspidate 
(the sharper cases). On the seedlings 
examined where leaves are fairly blunt 
on the mature plant, the leaves on the 
seedlings are sharper. 


LEAF MARGIN 


A description of leaf margin for each 
genus may be found in Florin (1931). 
In general leaf margins among conifers 
may be entire or serrate. Serrations occur 
in Taxodiaceae on the leaves of Taiwannia 
and Cunninghamia, as well as occasionally 
on Taxiodium and Glyptostrobus; in Pina- 
ceae on the leaves of Pinus, Tsuga and 
Picea; and in Cupressaceae occasionally 
as fine serrations on the leaves of many 
genera. 


LEAF BASE 


The character of the leaf bases of 
coniferous leaves may be grouped into four 
headings. These are manner of attach- 
ment to the stem, shape of the leaf base, 
relation of leaf blade to stem, and the 
manner of breaking away from the stem 
if this occurs. 

Essentially the leaves of all living 
conifers are distinctly decurrent. In three 
genera of Pinaceae (Pseudotsuga, Kete- 
leeria and Abies) the decurrent parts of 
the leaves appear to be fused so that 
indistinct ridges are all that mark their 
position on the stem. In Abies these 
ridges often are completely absent, so that 
the leaves appear sessile. 
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Coniferous leaves often have a constric- 
tion at the point where they leave the 
stem. Such a constriction is most likely 
to be present if the leaf twists as it leaves 
the stem. Stalk-like constrictions are 
found in Taxaceae and Pinaceae. In the 
first family this condition is found at the 
base of leaves in the genera Taxus and 
Nothotaxus. In these genera the de- 
current part of the leaf widens again 
below the stalk. The stalk of the genera 
Larix, Pseudolarix, Cedrus, Tsuga and 
Picea in Pinaceae continues into the 
decurrent part producing the so-called 
pulvinus which covers the older stems 
after the leaves drop off. The base of 
the leaves of Pseudotsuga, Keteleeria and 
Abies are slightly constricted and then 
widen into a shield-shaped attachment 
tothe stem. This shield-shaped part falls 
away with the leaf when it breaks away 
from the stem producing the character- 
istic circular or oval scar on the stem. 

There is considerable correlation be- 
tween the size of coniferous leaves and 
their relation to the stem. Leaves of 
type III are usually appressed, while 


leaves of types I, II and IV usually 


spread at a large angle, even perpendi- 
cular to the stem. On plagiotropic lateral 
shoots leaves of types II and IV often 
twist so as to present their flat side to 
the light. If the stomata are on only one 
side of the leaf, this side is then turned 
downward. A curious condition occurs 
in several sections of Podocarpus ( Afro- 
carpus, Polypodiopsis and Nageia in 
part). In this case the leaves all turn 
the same way so that on one side of the 
stem the adaxial and on the other side of 
the stem the abaxial side of the leaf is 
presented to the light. Accompanying 
twisting of the leaf base, or without it 
for leaves of type I, is a bending of the 
leaves so that they are spread out into a 
plane. This condition occurs to varying 
degrees for many genera and in all families 
except Cupressaceae (where scale leaves 
are the rule). 

Most leaves of type II and some leaves 
of types I and IV eventually fall away 
from the stem. The abscission layer is 
located near the base of the leaf, usually 
in connection with the basal constriction 
if this is present. The decurrent portion 
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of the leaf is left behind on the stem. 
The condition found in Pseudotsuga, Kete- 
leeria and Abies has been mentioned in a 
previous paragraph. In Larix and Pseudo- 
larix the leaves are annually deciduous. 
In Taxodium, Glyptostrobus and Meta- 
sequoia whole lateral ultimate branches 
are annually deciduous. Branches of 
the last order are often deciduous after 
a few years (for example, Araucaria, 
Cryptomeria, Sequoia, Pinus and many 
others ). 


WINTER Bups 


The character of winter buds, if they 
exist, has the disadvantage that they are 
not present during growth. No special 
winter buds are found on conifers with 
leaf type III (scale leaves). Shorter 
leaves mark the winter interruption of 
growth for the genera Araucaria, Crypto- 
meria, Athrotaxis, Taiwannia, Cunning- 
hamia, Sequoiadendron, Podocarpus section 
Dacrycarpus and Dacrydium group B. 
Many of these genera have leaves of type I. 
Scale leaves sharply separated from the 
normal leaves mark the winter interrup- 
tion of growth of Sciadopitys, Taxiodium, 
Glyptostrobus, Metasequoia, Sequoia, Juni- 
perus section Oxycedrus, Arceuthos, Saxe- 
gothaea, Dacrydium group A, Acmopyle, 
Phyllocladus and Cephalotaxus. In Podo- 
carpus sections Polypodiopsis, Afrocarpus, 
Nageia, Sundacarpus, Stachycarpus and 
Eupodocarpus in part, definite winter buds 
are present, but the tips of the scales 
are free. In Agathis, Podocarpus section 
Eupodocarpus in part, Taxaceae and 
Pinaceae overlapping winter bud scales 
are present. 


Discussion 


Various theories have been advanced for 
the origin of coniferous leaves. To consider 
this problem from the absolute origin of 
coniferous leaves is beyond the scope of 
this study. The evidence presented above, 
however, suggests the manner of develop- 
ment of coniferous leaves from earlier 
forms to the various living forms. 

Leaves of types I and II are most 
characteristic of fossil and living conifers. 
It was shown that leaves of type I are 
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characteristic of most early fossil conifers 
and are found in most living families. On 
the other hand, leaf type II always appears 
before leaf type I in the ontogeny of a 
plant and is found in all families of living 
conifers. Lee (1952) has shown that the 
greatly bilaterally flattened leaves of 
Dacrydium taxoides are bifacially flattened 
in their early ontogeny. This all suggests 
that bifacially flattened leaves are ances- 
tral to leaves of type I. These bifacially 
flattened leaves were not necessarily of 
leaf type II. Gomphostrobus leaves on the 
main axis, on fertile shoots and on galls 
of the Palaeozoic conifers, as well as the 
conifer-like forms, Buriadia and Carpen- 
tieria, of the same period ( Florin, 1944, 
Vol. 6, pp. 387-389) suggest fan-shaped 
leaves with many veins as the ancestral 
leaf form. All of these Palaeozoic forms 
have dichotomously branched vascular 
bundles and leaf blades; in Buriadia with 
2-8 bundles, the rest with 2. 

There is little reason to believe that 
Cordaites is the direct ancestor of the 
conifers, and there is little evidence that 
leaves of type IV are primitive among 
conifers. Cordaites and the earliest known 
conifers each had specializations which 
both groups did not share. For example, 
Cordaites had entire, single-veined leaves 
in the female inflorescence (or cone ) and 
many-veined vegetative leaves, while the 
early conifers had forked leaves in the cone 
and on the main axis and small leaves of 
type I in the vegetative region. Certainly 
Cordaitean leaves are not found on the 
early conifers. Cordaitean leaves would 
be classified as type IV in this study. 
During the period of development of the 
conifers from the Pennsylvanian to the 
Jurassic, few leaves of type IV have been 
reported, none have been associated with 
the various female cones which form a 
series from the earliest conifers to the living 
types. On the other hand, leaves of type I 
are predominant in the fossil record, are 
usually those associated with the various 
cones and are more frequently found 
among the living conifers. One problem 
arises from the fact that leaf type IV, as it 
appears in Podocarpus section Nageia, 
closely resembles the leaves of Agathıs in 
general external morphology. Internal 
leaf structure and reproductive organs of 
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each are more like other members of their 
respective families than each other. Fur- 
thermore, there are no transitional forms 
with leaf type IV which connect them in 
terms of their reproductive structure. On 
the other hand, both have close relations 
with leaf type I. In fact, leaf type IV 
appears in Araucaria section Eutacta on 
the same plants as does leaf type I. It 
should be pointed out that fossil leaves of 
type I do not necessarily have a single vas- 
cular bundle. The conclusion taken here 
is that these similar appearing leaf forms 
have arisen separately, and that leaf type 
IV in the living conifers is of relatively 
recent origin ( probably Jurassic in age ). 

Starting with the Palaeozoic conifers, a 
suggested course of development can be 
described. First the divisions of the leaf 
blade (i.e. Gomphostrobus leaves) were 
entirely lost. The mature leaves were all 
of type I while the juvenile leaves have 
probably always been bifacially flattened 
but with more than one vascular bundle. 
There was a strong tendency to develop 
only a single vascular bundle in line with 
the small size of the leaves. Leaf type II 
was then developed as the juvenile type, 
while the mature leaves remained type I. 
Eventually this juvenile leaf type became 
characteristic of the entire plant in some 
conifers. In two cases a large multiveined 
condition (type IV ) was developed. This 
multiveined condition in recent conifers 
contrasts with that of the Palaeozoic 
conifers in that it does not have the forked 
blade characteristic of the latter®. 

Many external morphologic character- 
istics are probably of no significance in 
relating different families of conifers. 
Examples are the possession of leaves of 
type III, of oppositely placed leaves, of 
hypostomatic or epistomatic leaves, of 
deciduous leaves, and of leaves spread out 
into a plane. Each of these characteristics 


5. In addition the vascular bundles in Podocar- 
pus section Nageia tend to converge toward 
the tip of the leaf; those in Araucariaceae, on 
the other hand, are oriented like a fan. 

6. Often, if not always, the multiveined con- 
dition in living conifers is also distinct from 
Palaeozoic conifers in that there is one main 
central vein and an equal number of lateral 
veins on each side (i.e. Agathis, Sciadopitys, 
Araucaria, Taiwania, and Athrotaxis, on smaller 
leaves or cotyledons ). 
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is found in many genera of conifers not 
otherwise closely related and may not be 
found in genera otherwise closely related 
to the genera in which it is found. Many 
of these characteristics are greatly favoured 
by environment. Thus scale leaves ( type 
III) are an advantage in dry and cold 
climates, hypostomatic or epistomatic 
leaves allow greater control of transpira- 
tion, deciduous leaves are an advantage in 
seasonal climates, and leaves spread out 
into a plane can make more efficient use of 
the sunlight. Bud scales are also an 
advantage in seasonal climate. Other 
examples of morphologic characteristics 
which have little importance in the relation 
of different conifer families are serrate 
margins and leaf tip types. Serrate mar- 
gins are probably primitive, but appear 
on only a few genera of conifers, and these 
are not all closely related. In general 
leaf tips do not vary greatly from genus 
to genus. This is true of other morpho- 
logical characteristics. Still other charac- 
teristics are confined to one or two closely 
related genera. 

The occurrence of opposite leaves and the 
relation of leaf type II to leaf type I suggest 
that seedling characteristics can become 
extended to include the entire plant. None 
of the older conifers had opposite leaves, 
yet the opposite condition appears in some 
of the genera of most families of living 
conifers. It was pointed out that juvenile 
leaves are more often opposite or whorled 
than adult leaves. Moreover, cotyledons 
are always opposite ( or whorled ). Some- 
times plants that usually have opposite 
leaves have lateral branches with spiral 
leaves. Thus all forms exist between 
spiral after the cotyledons to completely 
opposite. In the seedlings examined the 
spiral condition becomes farther and 
farther removed from the cotyledons. The 
same situation occurs with respect to leaf 
type II. This leaf type is not found on 
the earlier conifers. Among living coni- 
fers it is always found on the seedling 
before the leaves of type I — the common 
type among the fossil conifers. In different 
species leaves of type II cover a larger and 
larger part of the plant before leaf type I 
appears, while in many species leaf type I 
does not appear at all. Striking differ- 
ences in this may be seen in different 
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species of the same genus. Both of these 
transitional series occur in more than one 
family. Other examples can be given 
where transitional leaves become extended 
to the mature form, or where transitional 
leaves become lost between different juve- 
nile and mature leaves. 

Most of the modern families of conifers 
began to develop in the late Triassic from 
a common ancestor. Other presently 
extinct families were differentiated then 
or earlier. Possibly Taxaceae and Cepha- 
lotaxaceae developed earlier and Cupres- 
saceae later. This common ancestor had 
leaves of type I, but also had a strong 
tendency to change into leaves of type III 
on older plants. By the Jurassic the 
families Araucariaceae, Podocarpaceae, 
Taxodiaceae and Pinaceae were definitely 
present as an outgrowth of the generalized 
Triassic type. These four families can be 
distinguished by certain details. Forms 
of Araucariaceae with leaf type I are 
characterized by regular branching, while 
similar forms of Podocarpaceae show very 
irregular branching. Forms of Taxodia- 
ceae with leaf type I resemble those of 
Podocarpaceae closely but can be distin- 
guished by the irregular placement of 
stomata within the bands on each leaf. 
In Pinaceae, forms with leaf type I have a 
constriction at the base associated with an 
abscission layer. 

In Araucariaceae the mature leaf is of 
type IV. Leaf types II ( on the seedling ) 
and I are preserved in Araucaria section 
Eutacta preceding the mature leaves, while 
in section Colymbia and in the genus 
Agathis leaf type IV covers the entire plant. 
Agathis has developed further in that the 
leaf attachment is narrow and the leaves 
are usually oppositely placed. The leaves 
in Araucaria are usually crowded, while 
those of Agathis are usually dispersed, 
characteristics which are not constant in 
either genus. Agathis also shows other 
specializations over Araucaria, including 
definite winter buds. - 

Podocarpaceae is chracterized by a leaf 
sequence of types II, I and III, in the 
ontogeny of individuals. This complete 
sequence is found in Dacrydium group C, 
Acmopyle and Podocarpus section Dacry- 
carpus. In the latter two, leaf type III is 
only found on branches of the next to last 
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order or less. This sequence may also be 
present in Microcachrys, Pherosphaera and 
Podocarpus section Microcarpus, where 
mature leaves are of type III and the 
complete ontogeny is not known. Some 
species of Dacrydium group C dispense 
with leaf type I and D. franklinii also 
dispenses with leaf type II. Dacrydium 
groups A and B dispense with leaf type II. 
The remainder of Podocarpaceae have 
leaves of type II exclusively ( or type IV in 
Podocarpus section Nageia ). Phyllocladus 
has leaves of type II as long as leaves are 
produced. One group of Podocarpus in- 
cluding sections Polypodiopsis, Afrocarpus 
and Nageia are characterized by opposite 
decussate leaves (only some of the 
branches of a plant of Afrocarpus ) and by 
equal twisting of the leaf base so that 
morphologically different sides of the leaf 
are presented upwards on either side of a 
branch (in Nageia only one of the two 
subgroups ). Leaves of Microcachrys are 
opposite decussate in placement. 
Taxodiaceae is a family of remnants. 
Each genus probably represents a survivor 
of a much larger group and, therefore, has 
many specialized characteristics that make 
it difficult to classify this family into groups 
of genera. Nevertheless, it is possible to 
group the leaves of various genera together 
on the basis of their external morphology. 
Like Podocarpaceae, a sequence of leaf 
types II, I and III is characteristic of the 
ontogeny of individuals in Taxodiaceae. 
This sequence is fully realized in Tarwanıa, 
Sequoiadendron and Glyptostrobus. In the 
last-named genus leaves of type III are 
only found on branches of the next to last 
order or less. Cryplomeria apparently 
never produces leaves of type III. Athro- 
taxis, Taxodium and Sequoia dispense with — 
leaf type I. In the first named of this 
group, type III is not found on all species, 
and in the second and third is generally 
found only on older trees. The remaining 
genera produce leaves exclusively of type 
II. Sciadopitys has leaves of type II as 
long as simple leaves are produced (it 
might be inferred that the double needles 
of this genus are derived from leaf type I ). 
One group of genera in this family have 
annually deciduous branches of the last 
order. This group includes Glyptostrobus, 
Taxodium and Metasequoia. Metasequoia 
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is further characterized by the opposite 
decussate placement of its leaves’. 
Cupressaceae closely resembles Taxodia- 
ceae in many respects; it has, for example, 
a leaf sequence of types II and III in the 
ontogeny of an individual. This family 
differs from all other families of conifers in 
having its leaves whorled. These whorls 
are often reduced to opposite decussate 
placement on mature plants. Callitris, 
Actinostrobus, Fitzroya, Arceuthos, Junt- 
perus section Oxycedrus, and some species 
of Juniperus section Sabina have their 
mature leaves in alternating whorls of 
three. A few species of Callitris and the 
genus Neocallitropsis have their leaves in 
alternating whorls of four in the mature 
state. A few members of Cupressaceae 
have leaves only of type II. This includes 
Neocallitropsis, Arceuthos and Juniperus 
section Oxycedrus, the first of these being 
differentiated from the others by the 
strong triangular cross-section of the leaf. 
Many genera of Cupressaceae have leaves 
very similar to those of other genera. Thus 
it would be very difficult to distinguish 
between Cupressus, Juniperus section 
Sabina, Diselma, or Waiddringtonia by 
leaves alone. Another group of genera is 
characterized by flattened branches; that 
is to say the leaves are differentiated into 
somewhat reduced facial and _ sharply 
keeled, lateral leaves. The margins of 
these lateral leaves are further folded 
inward. This group includes Microbiota, 
Biota, at least one species of Cupressus, 
Chamaecyparis, Thuja, Thujopsis, Fokienia 
and Libocedrus. All but the first two 
mentioned genera have branches further 
differentiated into dorsal and ventral sides, 
with stomata concentrated on the lower 
side. The branch of Tetraclinis is some- 
what flattened, but in contrast to the 


7. In view of the close relation of Taxodiaceae 
to Cupressaceae, the opposite condition of 
Metasequoia leaves has been given significance as 
placing this genus close to the latter family. 
The frequent occurrence of opposite leaves 
among conifers, as outlined above, the fact that 
Cupressaceous leaves are essentially whorled, 
the deciduous habit of Metasequoia and the 
attachment of male and female cones make the 
author feel that this condition of opposite leaves 
has no significance for relationship. The author 
might point to much greater similarities between 
Cupressaceae and, say, Sequoiadendron. 
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above-described group, this is accomplish- 
ed by great reduction of the facial leaves 
and no modification of the lateral leaves. 
The leaves are then brought into a false 
whorl of four in this last-mentioned genus. 
Tetraclinis, Callitris and Actinostrobus 
have lengthened decurrent parts to the 
leaf. The last-mentioned genus, Fitzroya 
and Pilgerodendron, have spreading scales. 
These last two genera are differentiated 
from all other Cupressaceae by the oppo- 
site decussate placement of the juvenile 
leaves, which placement changes later to 
whorls (rarely in Pilgerodendron ). 

A leaf sequence of types II and I charac- 
terizes Pinaceae. Leaftype II onlyis found 
in the mature leaves of Abies, Keteleeria, 
Pseudotsuga, Tsuga, Picea section Omo- 
rika, Pseudolarix and most species of Larix. 
Two groupings ofgenera can be made within 
Pinaceae. One grouping concerns the pro- 
duction of short and long shoots. This 
group includes Pinus (bundles of needles), 
Larix, Pseudolarix and Cedrus. The other 
grouping is based on the shield-shaped 
attachment of the leaves to the stem. 
This group includes Abies, Keteleeria and 
Pseudotsuga. Serrations are found on the 
leaves of Pinus, Picea and Tsuga. 

Taxaceae and Cephalotaxaceae have 
leaves that are always of type II except 
where scales appear on seedlings, at the 
end of a year’s growth or associated with 
reproductive structures. Cephalotaxus re- 
sembles Torreya in the spiral placement of 
a series of opposite leaves; Amentotaxus 
has opposite decussate leaves. It would 
be difficult to distinguish other members 
of Taxaceae from many forms of Podo- 
carpaceae on the basis of external leaf 
morphology alone. Whether Taxaceae 
represents a distinct order with more 
ancient origin than the other living fami- 
lies of coniferae cannot be determined by 
leaf form, but the great similarity of 
certain members of these two groups 
suggests a close relationship. 


Summary and Conclusions 


Coniferous leaves can be grouped into 
four major types. Type I consists of 
leaves that are tetragonal in cross-section, 
Type II consists of leaves that are bifa- 
cially flattened and linear, type III in- 
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cludes scale-like leaves, and type IV con- 
sists of broad flat leaves with many vas- 
cular bundles. Several of these types may 
occur on the same plant during different 
periods of its ontogeny. Most fossil coni- 
fers are characterized by leaf type I. Leaf 
type I appears in many living families but 
is always preceded by leaf type II. Leaf 
type II appearsinallliving conifer families. 
Leaf type III merely represents a reduced 
leaf of any type. Leaf type IV occurs in 
two families of living conifers, but rarely 
in the fossil record. Its resemblance to 
Cordaites is thought here to be coinciden- 
tal. Opposite leaves occur in many 
families of conifers, but spiral leaves are 
more prominent in most families. Opposite 
or whorled leaves often appear on seed- 
lings, always when this condition occurs on 
the adult form. Lateral branches of 
ordinarily opposite-leaved plants are 
sometimes spiral. The relation of leaves 
of type I to type II and the occurrence of 
opposite leaves lead to the conclusion that 
characteristics developed or retained in 
the seedling can be extended to include 
the entire plant. Thus, for example, leaf 
type II probably developed first in the 
juvenile state, maintaining the flattened 
condition of a remote Palaeozoic ancestor, 
but developing a single-veined linear con- 
dition in harmony with leaf type I which 
followed in the mature state. The leaves 
of Cupressaceae were found to be essential- 
ly whorled, the only conifers having this 
characteristic. Spirals of opposite leaves 
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were found in Taxaceae, Cephalotaxaceae 
and Araucariaceae. Other characters of 
the external leaf morphology of conifers 
were less significant than those discussed 
directly above. In Taxodiaceae and Cu- 
pressaceae the stomata are generally ir- 
regularly distributed within bands on the 
leaves instead of being placed in rows. 
Amphistomatic leaves are most common 
in conifers, epistomatic and hypostomatic 
leaves being found in various families. 
Definite overlapping winter buds are 
characteristic of Pinaceae and Taxaceae. 
Many individual characteristics of some 
detail of external morphology of leaf differ- 
entiate a genus or group of genera from 
the rest of the conifers. It is concluded 
here that the ancestor to the conifers had 
developed leaf type I in the mature state 
and leaves of type II in the juvenile state. 
These leaves were spirally placed, amphi- 
stomatic and pointed. There was a ten- 
dency to retain more than one vascular bun- 
dle and to be deciduous from the branch 
after a few years. Serrations were present 
on the leaf margins. Winter interruptions 
of growth were marked by shortened 
needles. From this ancestral type of leaf 
all the living forms have developed. 


The author is indebted to the late Dr. 
John T. Buchholz for advice during the 
research for and writing of this paper, and 
to Dr. Oswald Tippo and Dr. George T. 
Jones for reading and criticizing the 
finished manuscript. 
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LOBED LIGULES IN SELAGINELLA 


W. VINK 


National Herbarium, Leyden, Holland 


On examining longitudinal sections of 
fresh strobili of Selaginella caulescens 
( Wall.) Spring from the Botanical Garden 
at Leyden, used for class purposes, some 
ligule-forms were found which have not 
been recorded before. 

It is remarkable how little is known 
about the ligule in Selaginella. In hand- 
books like those by Velenovsky ( 1905 ), 
Verdoorn ( 1938 ), and Goebel ( 1930 ) only 
a few words are devoted to this subject. 

Harvey Gibson ( 1896 ) alone has given 
a more detailed description. When speak- 
ing about the adult structure of the ligule, 
he says: “‘ Considerable variation occurs in 
the precise form of the ligule, even in the 
same plant; but, on the whole, within 
certain limits, the outline is maintained 
fairly constantly for the species.” 

Ball records a double ligule, the small 
additional ligule standing between the 
normal one and the “ sporophyll ””, which 
means a bifurcation in the median plane 
(i.e. perpendicular to the sporophyll ). 

In the material mentioned above most 
of the ligules showed an entire or crenate 
apex, but in several of them the tips were 
2-, 3- or 4-lobed in the transverse plane 
(i.e. the plane of the sporophyll, Figs. 1-7). 

In one case the ligule was almost entirely 
split into two segments, the bases being 
connected by three cells only ( Fig. 5 ). 

On comparing this material with her- 
barium specimens of the same species, 
collected in the Philippine Islands (Elmer 


22329 ), no difference regarding the ligules 
was found between the dried and the 
living plant. 

In some other species, such as S. usterti 
Hieron. (Elmer 16093) and S. delicatula 
( Desv.) Alston (Elmer & Merrill 5111) 
from the Philippine Islands, and S. 
coarctata ( Mart.) Spring (.Schomburgk 
979) from Brazil, the same phenomenon 
was found. In both S. usterii and S. 
delicatula one of the ligules was almost 
entirely split up as described above. 

Comparing the ligules in the generative 
and vegetative parts of the plant, it was 
found that the ligules were more frequently 
and more deeply divided in the former 
than in the latter (cf. Figs. 8-11 and 
Table 1). 

No difference was found between the 
ligules on the micro- and megasporophylls. 


TABLE 1 — APPROXIMATE PERCEN- 
TAGES OF LOBED LIGULES 
IN FOUR SPECIES 


NAME OF VEGETATIVE STROBILI 
SPECIES PARTS 
PR 
entire +lobed entire -Llobed 
S. usterii 89 11 58 42 
S. coarctata 78 22 30 70 
S. delicatula 89 11 75 25 
S. caulescens 75 25 60 40 


In each of the species mentioned above about 
250 ligules were examined. 
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FiGs. 1-7 — Various types of ligules in the strobilus of Selaginella caulescens ( Wall.) Spring 
(all from the same living specimen ). 
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Fics. 8-11 — Percentage of various types of lobification in the ligules. Fig. 8, S. usterii. 
Fig. 9, S. coarctata. Fig. 10, S. delicatula. Fig. 11, S. caulescens. In each case the left-hand 
figures refer to reproductive and the right-hand ones to the vegetative parts. The ligular types, 
symbolized at the bottom, hold good for the reproductive as well as the vegetative parts. 
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INDEPENDENT ORIGIN-OF VESSELS IN THE 
MONOCOTYLEDONS AND DICOTYLEDONS 


VERNON I. CHEADLE 


Department of Botany, University of California, Davis 


/ Although Bailey ( 1944a, 1949 ) clearly 

stated that vessels originated independent- 
ly in the Monocotyledoneae and the 
Dicotyledoneae, certain of the evidence 
for the statement needs amplification. 
This is especially true because the signi- 
ficant evidence upon which such an 
assertion can be made may not be widely 
recognized, or not clearly understood, or 
not adequately utilized where it might be 
brought to bear in morphological dis- 
cussions. For example, although Metcalfe 
and Chalk (1950) actually quoted perti- 
nent statements from Bailey (1944a), 
apparently they felt compelled to disregard 
some of the quoted evidence in their 
discussion on the phylogenetic relation of 
the herbaceous to the arborescent habit in 
the angiosperms. Their suggestions of affi- 
nities (p. 78) between the Papaveraceae 
and “some of the Monocotyledons ” 
(p. 78) and between “ the Ranunculaceae 
and the Monocotyledons, especially the 
Alismataceae’”’ (p. 5) show a similar 
reluctance to accept these statements. 

— The possibility of the independent 
origin of vessels in the monocotyledons 
and the dicotyledons is enhanced, perhaps, 
by the generally accepted conclusion that 
vessels arose independently in such obvi- 
ously unrelated plants as Selaginella, 
Pteridium, and the “ Gnetales ” ( Bailey, 


1944a, p. 425; Eames & MacDaniels, 
1947/%p 98 Posters “1949 MDI) 
Indeed, since Eames (1952), as well as 
authors cited by him, believe that the 
three genera Ephedra, Gnetum and Wel- 
witschia are not even closely related in | 
ancestry — with Ephedra most isolated — / 
it is altogether probable that vessels have / 
originated separately in each of these/ 
three genera. 

At the risk of needlessly labouring the 
obvious for some readers, it may be 
helpful to others to review, in somewhat 
more simple language than is commonly 
used, the origin and specialization of 
vessels in the angiosperms. The evidence 
later to be presented for independent 
origin of vessels in the two large sub- 
classes of the angiosperms will not ap- 
pear to be cogent unless this information 
is thoroughly understood. Furthermore, 
those familiar with the origin and special- 
ization of vessels (and of certain other 
categories of cells in the secondary xylem ) 
recognize that, phylogenetically, there is 
no other morphological sequence of com- 
parable clarity in the vascular plants. 
An understanding of the methods and 
the results of studies of the evolution of 
vessels seems thus to be of fundamental 
importance to all those individuals in- 
vestigating or interested in the phylogeny 
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of vascular tissue or, indeed, of the 
vascular plants themselves. It is parti- 
cularly important to recognize both the 
usefulness and the limitations ( Bailey, 
1944a, p. 425; 1949, p. 66) of the results 
of studies in the evolutionary develop- 
ment of vessels. 

The review to follow has been derived 
mainly from the research of but few 
investigators. The results of other work- 
ers are somewhat less pertinent in the pre- 
sent instance, but are mentioned where 
necessary. 


I. The Methods of Approach in 
Studying the Phylogeny of Vessels 


Seldom in the literature does one find 
an expression of the fundamental assump- 
tions or even of the methods upon which 
extensive phylogenetic studies rest. Al- 
though the writings of most phylogenists 
logically are based, at least in part, upon 
these fundamental assumptions, they gene- 
rally are merely implied, not expressed. 
Frost (1930a) put certain of these as- 
sumptions, some of which are rather 
complex, into clear language in the 
discussion of the methods he used ( p. 68) 
in determining the origin of vessels. The 
first of these methods is that of “ associa- 
tion’’. This method can be used if the 
character under investigation is variable 
and if some repeatable method of measure- 
ment can provide statistically sound 
samples. (In practice, this method has 
been used, although without so stating, 
in the absence of statistically sound 
sampling; for example, by Eames ( 1952 ) 
in relating certain variable reproductive 
parts in species of Ephedra to those of 
Cordaites.) To use the words of Frost 
(1930a, p. 68): “If it is possible to 
determine which of two characters is 
primitive, and if it be assumed that the 
two structures are genetically related in 
a direct line, then it follows that the 
primitive condition of the advanced struc- 
ture will be similar to the general condition 
of the primitive structure.” If a high 
degree of such similarity does not exist, 
then the “assumption of direct genetic 
relationship is incorrect ”, or it is likely 
“that the structures are so widely 
separated in the evolutionary scale that 
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the primitive condition of the advanced 
structure is lost ”’. 

Translating this into terms relating 
specifically to tracheids and vessels, it 
means that if it is assumed that tracheids 
are more primitive than vessels of any 
kind and are related to them genetically 
in a direct line, then the most primitive 
vessels will be those most similar to 
tracheids. One can draw an analogy 
between the above and the relation of 
horse drawn carriages to automobiles. In 
the latter relationship, history, or even 
our own experience, shows us that horse 
drawn carriages. are more primitive than 
automobiles and thus we do not need to 
make even this assumption. Further- 
more, the first automobiles were really 
motor driven “ buggies’’; thus horse 
drawn carriages and automobiles are 
“ genetically ” related in a direct line. It 
is clear, too, that those automobiles which 
are most similar to the horse drawn 
carriages prevalent in the days when 
the first automobiles were made are the 
most primitive ones. If we did not have 
examples or records of our earliest 
automobiles to compare with horse drawn 
carriages of the same era, then the detailed 
similarities of these to horse drawn 
carriages might be less obvious. 

The second method used by Frost 
(1930a, p. 68) “is the method of cor- 
relation, and it assumes that in a given 
homogeneous tissue, such as the secondary 
xylem, there will be definite correlations, 
in the strict statistical sense, between the 
degrees of specialization of the chief 
characteristics in a large random sample. 
That is, the rates of evolutionary develop- 
ment will be correlated; hence it follows 
that those characteristics which correlate 
with a primitive character, established 
as primitive by the method of association, 
will themselves be primitive, and those 
that correlate with an established special- 
ized character will be specialized.” It 
should be emphasized, as it was by Frost 
( 1930a, p. 69 ) and by Bailey and Howard 
(1941, p. 174), that such correlations are 
expressions of major trends and that 
exceptions occur ( accelerations or retarda- 
tions in the evolution of certain features ). 
As a matter of fact, the deviations from 
the major trends of specialization, estab- 
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lished by the method of correlation, lead 
to the consideration of what Frost 
(1930a, p. 69) called the rule of excep- 
tions. In simple terms, the study of 
these exceptions provides evidence for 
minor lines of specialization, which of 
course cannot be understood or even 
truly recognized until the major lines 
are established. Since major trends can 
be established only by representative 
sampling of a wide variety of plants, it 
is evident that minor lines of specialization 
may be mistaken for major ones unless 
broad surveys are undertaken in first 
establishing the major trends. 

Translating the above into language 
concerning vessels, it means that if, for 
example, great length is established by 
the method of association as a primitive 
feature in vessels, then characters that are 
correlated with great length are them- 
selves primitive. Similarly, if short length 
is established as specialized, then those 
characters that are correlated with short 
length are themselves specialized. These 
are major or average trends established 
in a statistical sense. Those vessels with 
one or more characters-that do not fit into 
these major trends are the exceptions 
which illustrate minor trends of various 
kinds. Such deviations (retardations or 
accelerations ) may occur as relatively 
isolated tendencies in the more typical 
plants from which the data are obtained 
or in plants which are generally specialized 
vegetatively, such as certain xerophytes, 
or aquatics, or vines (Bailey, 1944a, p. 
422). 

The analogy alluded to in an earlier 
paragraph can be used again in illuminat- 
ing the methods of correlation and excep- 
tions. Knowing the details of the primi- 
tive automobile, a single character, such as 
the wheels, can be considered in terms of 
increasing specialization. Thus, wooden- 
spoked wheels are primitive, wire-spoked 
wheels are intermediate, and disc wheels 
appear to be most “specialized” (modern). 
Experience demonstrates that other parts 
of the wheel were also improved. Thus, 
the improvement of support for the rim 
was accompanied by improvement of the 
rim itself and by improvement of tires 
covering the rim. These improvements 
can be correlated in general, taking all 
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makes of cars together. But there are 
exceptions to the general trend in that 
wire spokes in some models were retained 
longer than they were in others, or in 
that tires of some models of automobiles 
in a given era were more modern than 
those of other models. As a matter of 
fact, if the whole automobile is taken as 
a single character, the development of its 
parts tends to be correlated, although some 
parts were “specialized ’”’ ( modernized ) 
more rapidly than others. Looked at in 
this sense, it is obvious that air-cooled 
engines in automobiles have been the 
exception, not the major trend, in the 
development of engines. Were one un- 
fortunate enough to examine only air- 
cooled engines, his understanding of auto- 
mobile engines in general would be narrow, 
indeed, and generalizations about all 
automobiles, if attempted on this basis, 
would be utterly erroneous. Hence the 
need for broad surveys for comparative 
purposes. 

Frost’s (1930a, p. 70) final method is 
the method of sequences. It is un- 
necessary to emphasize this method here 
except to note that it cannot be used with 
assurance unless totally independent 
means are available for establishing the 
primitive and the specialized conditions 
of a given character. Put in another 
way, a given sequence should be estab- 
lished as cenogenetic (not repeating 
ancestral conditions ) or palingenetic ( re- 
peating ancestral conditions ) only on the 
basis of independently derived criteria of 
primitiveness and of specialization. Used 
in this fashion, the method of sequences 
actually serves mostly to confirm what can 
be determined by other more reliable 
methods as far as vessel development is 
concerned. The method’s greatest contri- 
bution has been in confirming the origin 
of vessels from scalariformly pitted tra- 
cheids, for typical tracheids of this type 
are entirely absent from angiospermous 
secondary wood having vessels ( Bailey, 
1944a ). [ Bailey stated (1944a, 1944b ), 
however, that such pitting is frequent in 
the vesselless Trochodendron and Tetra- 
centron, but less so in the genera of the 
entirely vesselless Winteraceae.] In this 
connection it is important to recognize 
that scalariformly pitted tracheids served 
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as sources not only for the origin 
of vessels, but also for the origin of 
tracheids with circular bordered pits and 
eventually indirectly of fibre-tracheids and 
libriform fibres ( Bailey, 1936; Bailey & 
Tupper, 1918; Tippo, 1946, p. 362). The 
obvious explanation for the relative in- 
frequency of the primitive scalariformly 
pitted tracheids is thus that they have 
been mostly transformed phylogenetically 
into vessel members or into tracheids with 
more highly specialized pitting. 

It should be emphasized that the 
assumptions inherent in the methods 
described above are clearly acknowledged, 
but as Frost stated (1930a, p. 72), 
“.,.if they are incorrect there will be a 
decided lack of coherence in the data. If, 
however, it can be shown that the many 
facts which it is possible to assemble 
become unified under these assumptions it 
further establishes their correctness.” 


II. Types of Tracheids and 
Vessel Members in Angiosperms 


The descriptions of tracheids and vessels 
to follow, together with the figures, conve- 
niently provide the information needed 
as a background for the discussion of the 
tracheary elements in the later sections of 
this paper. 


A. TRACHEIDS 


Although tracheids are of relatively 
minor importance in this paper, a brief 
description of them is given because of 
their phylogenetic relationship to vessel 
members. Tracheids are single, imper- 
forate tracheary (vertically conducting ) 
cells in the xylem. The secondary wall of 
tracheids in the earliest-formed primary 
xylem may consist only of rings ( Figs. 
17, 18), or of helices of varying pitch 
(Figs. 10-13), or of combinations of these. 
Tracheids of this type occur in the proto- 
xylem and are capable of being stretched 
during elongation of the plant organ in 
which they occur. The remaining (and 
later-formed ) part of the primary xylem, 
the mature tracheary elements of which 
are incapable of stretching, is commonly 
known as the metaxylem. In tracheids of 
the early-formed metaxylem the secondary 
wall is often laid down in the form of an 
irregular net. In still later-formed meta- 
xylem, the secondary wall is so laid down 
as to leave more typical openings—pits— 
of various forms. The pits are bordered 
and are more frequently of a circular shape 
(Fig. 9) in tracheids of the late meta- 
xylem in the dicotyledons, but are more 
generally transversely elongate ( Fig. 8 — 
scalariform pitting) on the walls, especially 


Fics. 1-18 — Perforations shown in black. Figs. 1-7, redrawn from Bailey and Howard 
(1941), with pits deleted except near multiple perforations in Figs. 1 and 3; Figs. 1-5, vessel 
members from outer secondary xylem of stems; Figs. 6, 7, vessel members from ‘ small stems ’’; 


all from Icacinaceae. 


Pig. 4 x 75, others: 055: 


Fig. 1, scalariform perforation plates, from 


Platea sp. Fig. 2, relatively short scalariform plates, from Emmotum holoscericeum. Fig. 3, simple 
perforation plates in upper end wall, scalariform in lower end wall, from Stemonurus luzoniensis. 
Fig. 4, scalariform perforation plates, with three perforations in lower part of figure and two in 
the upper, from Leptaulus daphnoides. Fig. 5, simple perforation plates, from Uranda secundi- 
flora. Fig. 6, short, broad vessel member with simple perforation plates, from Iodes ovalis. 
Fig. 7, very short vessel member with simple perforation plates, from Phytocrene macrophylla. 
Fig. 8, scalariform pitting. Fig. 9, two circular bordered pits. Figs. 10-13, redrawn from 
Bailey (1944a); portions of end walls of vessel members, all with helical wall thickenings, in 
primary xylem of stems in woody dicotyledons. Fig. 10, a scalariform perforation plate. 
Fig. 11, transitional stage in phylogenetic change from scalariform to simple perforation plates. 
Figs. 12, 13, two positions of simple perforation plates. Figs. 14-18, redrawn from Cheadle 
(1942); perforation plates of vessel members in primary xylem of monocotyledons. Fig. 14, 
scalariform perforation plate from stem of Phoenix dactylifera ( Palmae ), side wall pits not shown. 
x 140. Fig. 15, reticulate perforation plate from root of Hymenocallis caribaea ( Amaryllida- 
ceae). x 400. Figs. 16-18, from stem of Rheo discolor (Commelinaceae ), all x 290. Fig. 16, 
part of helically thickened vessel element with scalariform perforation plate. Figs. 17, 18, por- 
tions of vessel members with annular wall thickenings, Fig. 17 showing a modified scalariform 
(or reticulate ) perforation plate and Fig. 18 a simple perforation plate. 


Fics. 1-18. 
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on the overlapping ends, of tracheids 
in the monocotyledons. In the dicoty- 
ledons, pitting of the late metaxylem 
elements is often, but not necessarily, 
similar to that found on tracheids in the 
secondary xylem of the same species. 
Tracheids are typically long cells with a 
4-35 mm. average length in Trochodendron, 
a vesselless dicotyledon ( Bailey, 1944a, 
p. 426), and a 5-07 mm. average for 
many hundreds of measurements in the 
monocotyledons (Cheadle, 1943a, p. 14). 
Tracheids also have long tapering ends 
generally, with no readily identifiable end 
walls in most cases. 


B. VESSEL MEMBERS 


A vessel in the secondary wood is 
defined by the Committee on Nomencla- 
ture (1933) as ‘a vertical series of cells 
( vessel members! ) that have coalesced to 
form an articulated, tube-like structure 
of indeterminate length, whose pits to 
congeneric elements are bordered’. Ves- 
sels in the primary xylem are similar 
except that it may be questionable 
whether the thin areas of the primary 
wall not covered by annular or helical 
thickenings in protoxylem elements should 
be called pits. At any rate, the basic 
differences between tracheids and vessels 
are two: in contrast to tracheids, (1) ves- 
sels are composed of a series of cells 
( vessel members or elements ) arranged end 
to end, and (2) the contacting end walls 
of vessel members are perforated at 
maturity as a result of the dissolution of 
all or a part of the intervening primary 
walls and intercellular substance. This 
means that the patterns of secondary wall 
thickening in vessel members are basically 
comparable to those of tracheids; apparent 
differences result chiefly from the much 
greater diameters of some kinds of vessels 
and thus of increased chances for varia- 
tions in the kinds of neighbouring cells with 
which vessels are in lateral contact. 
There are other variations in wall patterns 
that need not be described here. 

It is essential to know that although 
vessel members vary in their lengths, as a 
group they are shorter than tracheids. 


1. Words in parentheses added by present 
author. 
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In the monocotyledons, for example, 
Cheadle ( 1943a, p. 14) reported that the 
average for many hundreds of tracheids 
was 5:07 mm., while the averages for 
vessel members in four different categories 
were 3:96, 2:58, 1:47, and 0°76 mm., 
respectively. It is furthermore essential 
to emphasize that vessel members vary 
greatly in length (as shown above and 
in Figs. 1-7), partly as a result of the 
inherent differences in the xylem areas in 
which they occur ( primary versus secon- 
dary, for example ) and partly as a result 
of evolutionary changes within vessel 
members themselves. The significance of 
these changes is discussed later in the 
paper. 

For the purposes of this report, the most 
important information in this section 
concerns the end walls of vessel members. 
The end walls range in position from 
elongate tapering types, the boundaries of 
which are difficult to determine, to those 
which are truncate (at right angles to the 
side walls). Although perforations (shown 
in black in all figures in this paper ) may 
occur in the side walls of vessel members, 
they normally occur in end walls. The 
area in which they occur is called the 
perforation plate and in those cases where 
the perforations (one or more) occur 
throughout nearly the entire area of the 
end walls, the term perforation plate is 
often used synonymously with the term 
end wall. The boundaries of the end wall 
in Fig. 16, for example, are clear and in 
this case the perforation plate is syno- 
nymous with the end wall. On the con- 
trary, the perforation plate (including 
the black area and the immediately 
surrounding wall ) in Fig. 12 occupies only 
a portion of the end wall and in this case 
the two cannot be considered synonym- 
ous. The range of the more important 
variations in the number (and arrange- 
ment ) of perforations in the end walls of 
vessel members of the secondary xylem of 
dicotyledons is shown in Figs. 1-7. Some 
of the similar variations in the protoxylem 
of dicotyledons appear in Figs. 10-13, and 
those in the primary xylem of mono- 
cotyledons are shown in Figs. 14-18. 

A perforation occurring singly ( Figs. 5- 
7, 12, 13, 18) is known as a simple 
perforation (the less preferable term 
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porous also appears in the literature) 
and usually occurs in a clearly delineated 
perforation plate, called a simple perfora- 
tion plate. Where more than one perfora- 
tion is present in one end wall, the end wall 
is said to be multiperforate. The circum- 
scribed area in which the multiple perfora- 
tions occur is called a multiperforate plate. 
Such perforation plates are usually of the 
scalariform ( ladder-like ) type ( Figs. 1, 2, 
10, 14), in which the pattern formed by 
the multiple perforations and separating 
bars is generally comparable to the 
pattern seen in scalariform pitting. There 
are various numbers of perforations ( and, 
therefore, of bars ) in scalariform perfora- 
tion plates ( compare Figs. 1, 2, 4, 10, 17). 
Variations from the typical scalariform 
plate described above occur as a graded 
series, beginning with simple branching 
of one or a few bars (see middle of upper 
scalariform plate in Fig. 1) and ending 
with complicated, net-like branching of 
bars throughout the perforation plate 
( Fig. 15). The net-like forms are known 
as reticulate perforation plates. The per- 
foration plate in Fig. 11 shows a transi- 
tional stage in the phylogenetic change 
from scalariform perforation plates to 
simple ones in protoxylem vessel members 
with helical wall thickenings. Although 
the perforation plates are usually the same 
or nearly so at each end of the vessel 
member, they may in some cases be 
different ( Fig. 3), particularly in xylem 
characterized by the common occurrence 
of both simple and scalariform perforation 
plates. 

The term “ vessel ”’, rather than the 
more cumbersome “ vessel member ”, is 
used hereafter wherever its use is not 
misleading. 


III. The Origin and Specialization of 
Vessels in the Angiosperms 


A. In THE DICOTYLEDONS 


Utilizing the methods discussed in 
earlier paragraphs, and guided by the 
pioneering work of Bailey and Tupper 
(1918) regarding especially the length of 
tracheary elements, Frost discussed the 
origin of vessels ( 1930a ), the specializa- 
tion of the end walls of vessel elements 


CHEADLE — INDEPENDENT ORIGIN OF VESSELS . 29 


( 1930b ), and the pitting in the side walls 
of vessel elements ( 1931 ) in the secondary 
xylem of the woody dicotyledons. His 
findings, when supplemented by those of 
Bailey (1944a) for the primary xylem, 
give a remarkably complete picture of the 
origin and evolution of vessels in the 
woody stems of dicotyledons. These find- 
ings were based, moreover, on data drawn 
from a broad representative sampling of 
the plants involved. Furthermore, the 
sampling of the plants was made without 
special regard to any particular system of 
classification of the plants or to any 
putative phylogenetic system based on 
whatever grounds. 

Using chiefly the methods of association 
and correlation, Frost ( 1930a ) found that 
those vessel elements most similar to 
tracheids (and, therefore, primitive ) are 
characterized by great length, small cross- 
sectional area, angularity of outline, thin 
walls, constant width of walls in transverse 
section, the absence or very slight develop- 
ment of an end wall, and by scalariform 
pitting on the side walls. These features 
were individually determined by associa- 
tion and checked by correlation. These 
vessel elements have long scalariform per- 
foration plates ( Fig. 1); hence such plates 
are primitive. 

On the other hand, vessel elements least 
like tracheids (and, therefore, most specia- 
lized ) are characterized by short length, 
large cross-sectional area, circular outlines, 
uneven but thick walls, transversely 
placed end walls, and chiefly alternate 
pitting on the side walls. Vessel members 
of this type have a single perforation 
(Fig. 7) in the end wall. All the inter- 
mediate stages between the most primitive 
and the most highly specialized vessel 
members are known in great detail, and 
these details concern all the descriptive 
features noted above and others. For 
example, the number of bars ( or perfora- 
tions) in the scalariform plates phylo- 
genetically decreases with decreasing 
length, and a single perforation eventually 
results. 

Bailey (1944a) greatly extended Frost’s 
investigations of the primary xylem in 
stems of the arborescent dicotyledons. 
Using for the most part variations in the 
inclination of the end walls, and length 
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data, he confirmed and expanded Frost's 
work on the origin and evolutionary 
specialization of vessels in the primary 
xylem. These developments in the pri- 
mary xylem, even in the tracheary ele- 
ments having loosely coiled helices of 
steep pitch ( Bailey, 1944a, p. 423), are 
fundamentally identical with those in the 
secondary xylem and vary in detail from 
the standard sequences only in reflecting 
differences in the pattern of secondary 
wall thickening. That is, the structural 
changes in the formation of scalariform or 
simple perforation plates in pitted meta- 
xylem elements are different from those 
involved in the formation of the same 
type of perforation plates in helically 
thickened ( Figs. 10-13) protoxylem ele- 
ments. The remarkable aspect of this 
state of affairs is that in spite of the 
fundamentally different structural prob- 
lems involved, the end points of the 
changes are so nearly identical. Indeed, 
this fact indicates that there is a standard 
evolutionary pattern in the development 
and specialization of the perforation plate. 
Only in the “ Gnetales’’ is the pattern 
different (Thompson, 1918). Papers (e.g. 
Bliss, 1921; MacDuffie, 1921 ) purporting 
to show a gnetalean type of perforation 
pattern in angiosperms actually present 
exceptional and relatively infrequently 
encountered aberrations that result for 
the most part from scalariform pitting 
of an irregular pattern. (See Bailey, 
1944a, p. 424; Frost, 1930a, p. 90.) 

The character of the perforation plate, 
as a matter of fact, appears to be the most 
commonly adopted indicator of specializa- 
tion of vessel members. This was pro- 
bably true originally because data con- 
cerning such plates are more conveniently 
assembled and described than are other 
features of vessel members. The following 
discussion, however, indicates the general 
wisdom of this choice from among several 
vessel characters. It should be recalled 
that Bailey and Tupper’s (1918) most 
compelling evidence in determining in- 
creasing specialization of vessel members 
in secondary xylem was based on length 
measurements. With this basic data on 
which to build, Frost’s ( 1930a, 1930b ) 
work, together with that of many other 
investigators who utilized the fundamental 
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importance of vessel specialization in their 
studies (e.g. Heimsch, 1942; Tippo, 1938; 
Vestal, 1937), emphasized the notably 
significant correlation of length with type 
of perforation plate. Bailey’s data (1944a, 
p. 426) reveal that the same correlation 
exists in vessel members in the metaxylem, 
although these members average longer 
than those in any part of the secondary 
xylem. When dealing with comparable 
tissues, therefore, the types of perforation 
plates are reliable indicators of the levels 
of specialization of the vessel elements. 
Since the average lengths of vessel 
members in metaxylem, early secondary 
xylem and late secondary xylem differ 
from one another, it is obvious that 
perforation plates, rather than lengths, 
should be used in comparing vessel specia- 
lization in these three xylem areas. It 
is important to recognize that if perfora- 
tion plates are reliable in these circums- 
tances, it is likely that they also would be 
reliable in comparing organs or parts of 
organs ( such as nodes and internodes ) in 
which ontogenetic or other factors may 
differentially affect length, whatever the 
degree of specialization of the vessel 
elements concerned. 

In this discussion of the use of perfora- 
tion plates as indicators of vessel specia- 
lization, it is important to note, also, that 
decrease in the number of bars in scalari- 
form perforation plates is a measure of 
increase in their specialization. An un- 
qualified statement that “ scalariform 
plates are present ”” in a given instance is, 
accordingly, not necessarily an indication 
of primitiveness in this regard; if the 
number of bars is very small (1-5, for 
example ), the plates are far from being 
primitive. Scalariform plates in their 
most primitive stages may have 50-150 
bars or even more, 

The problem of the phylogenetic origin 
and specialization of vessels in the stems 
of woody dicotyledons can be considered 
as solved. (The sequences in the origin 
and the specialization of vessels in the 
various areas of the xylem will be described 
later where their bearing on the central 
theme of this paper can be more clearly 
noted.) Furthermore, Bailey (1944a, 
p. 424) stated that “the origin and 
specialization of vessels in stems and roots 
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appear in general to be closely synchroniz- 
ed, at least in the secondary xylem ”, but 
that “ there may prove to be evolutionary 
lags in leaves, floral appendages and 
seedlings’. Bailey ( 1944a, p. 425) also 
stated that the xylem in both stems and 
roots of herbaceous dicotyledons is “ high- 
ly specialized”, but actual published 
evidence for his statement is fragmentary 
and critical investigations are needed, 
particularly a detailed treatment of the 
protoxylem-metaxylem-secondary xylem 
sequence in a broad sampling of dicotyle- 
donous herbs. 


B. IN THE MONOCOTYLEDONS 


The origin and specialization of vessels 
throughout the primary xylem of all parts 
of the plant in the monocotyledons were 
discussed by Cheadle (1942, 1943a, 
1943b, 1944). [Vessels are lacking in 
the secondary xylem in all species reported 
as having a clearly identifiable accumula- 
tion of such secondary tissue (Cheadle, 
1937 ).] The methods used in the in- 
vestigations were based on those used by 
Frost (1930a) for the secondary xylem 
in dicotyledons, and the results were 
entirely comparable. It is thus unneces- 
sary to present further details concerning 
the monocotyledons at this point, except 
to emphasize that vessels arose first in the 
roots and thence upward throughout the 
plant and that specialization of vessels, 
with few exceptions, followed the same 
pattern. An appreciable accumulation 
of additional data from an even wider 
representation of families, genera and 
species (now 47, 255 and 402 respective- 
ly ) since the publication of the papers 
referred to above strengthens, without a 
single known exception, the conclusions 
based on the original data. 

At this point it is pertinent to re- 
emphasize the significance of Bailey’s 
words (1944a, p. 424), “... (1) compre- 
hensive and reliable evidence regarding 
successive stages of the origin and specia- 
lization of vessels is preserved in extant 
representatives of the angiosperms and 
(2) the major trends of structural specia- 
lization are irreversible in plants capable 
of survival”. This means that vessel 
members do not revert to typical tra- 
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cheids. Viewed in this sense, no evidence 
has appeared in the present author’s | 
experience to support any speculation that 
presently vesselless organs in the terres- | 
trial monocotyledons originally had ves- 
sels. Neither is there any evidence that 
tracheids in the aquatic vesselless mono- 
cotyledons have been derived from ves- 
sels. Whether in such aquatics vessels 
ever occurred in the metaxylem areas 
that are now occupied by thin-walled 
parenchyma cells is a problem of wholly 
different character. The failure of poten- 
tial tracheary elements of whatever kind 
to develop in the metaxylem areas is a 
matter of reduction, not reversal of vessel 
members to typical tracheids. In the 
dicotyledons, furthermore, some aquatics, 
saprophytes, parasites and_ succulents 
that are vesselless ( for example, as noted 
in Solereder, 1908, the Nymphaeaceae, 
certain members of the Cactaceae, the 
Cuscutae, Podostemataceae, Ceratophyl- 
laceae, etc.) are “to be regarded as an 
indication of reduction ”” ( Solereder, 1908, 
p. 1136), not reversal. Parenchyma or 
the super-specialized “ vascular tracheids ” 
(e.g. in certain Cactaceae) often replace 
what, on a comparative morphological 
basis, were probably vessels in these 
cases. Bailey (1944b, p. 98) also 
stated that “in those dicotyledons (e.g. 
Cactaceae, Crassulaceae, aquatics, and 
other super-specialized forms) where 
there is a tendency towards the reduc- 
tion or elimination of vessels, the tissues 
are obviously profoundly modified and 
highly specialized. There is no evidence 
of reversible transitions leading to the 
primitive type of cambium and xylem 
that characterizes the ( vesselless? ) 
Winteraceae, Trochodendron, Tetracentron, 
and the lower vascular plants.” 

It is thus evident that both the origin 
and the progressive phylogenetic specia- 
lization of vessels in the dicotyledons — 
particularly those of shrubby or arbores- 
cent habit — and in the monocotyledons 
are clearly known. With this in mind, it 
now remains to present certain categories 
of information, first for the dicotyledons 
and then for the monocotyledons, which 
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have a direct bearing on the problem of 
the independent origin and specialization 
(and, therefore, the parallel evolution ) of 
vessels in the monocotyledons and di- 
cotyledons. 


IV. Information Bearing on the 
Question at Issue 


A. For THE DICOTYLEDONS 


Most of the information concerning 
families in the dicotyledons, unless other- 
wise specifically noted, has been derived 
(and reorganized) from Metcalfe and 
Chalk (1950), Solereder (1908), Engler 
and Prantl (1887-1915, 1925-), and 
numerous papers listed by these authors. 
Family names are almost invariably those 
used by Metcalfe and Chalk (1950). The 
information for woody plants is chiefly 
concerned with the secondary xylem of 
the stem; that for most of the herbs 
probably includes both secondary and 
primary xylem of stems. The number of 
species examined in some families is small. 
Additional critical information, compar- 
able to that available for the mono- 
cotyledons, is urgently needed for the 
primary xylem of herbs. The following 
data, however, bring into focus what has 
appeared in print, together with certain 
additional observations not previously 
published?. Woody forms, as is stated 
in Metcalfe and Chalk (1950, p. 1358), 
are “taken to include trees, shrubs, 
lianes, and ericoid shrubs’’. Because the 
woody and herbaceous habits are general- 
ly considered not to be genetically isolated 
from one another, it is evident that 
certain overlapping occurs between these 
forms and the herbs. The categories of 
families listed in Metcalfe and Chalk 
(1950, pp. 1358-9) according to habit 
were used in developing the family group- 
ings listed later in this paper. Where it 
was essential to do so, genera and species 
not listed in families either wholly woody 
or wholly herbaceous were checked for 
habit in Engler and Prantl ( 1887-1915, 
1925 ), or in Engler ( 1900-1919), or in 
various papers. 


3. Professor I. W. Bailey also has kindly 
made available some personal observations. 
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1. The sequence of specialization within 
the stems of woody plants. 


According to the interpretations of 
Bailey (1944a)4 and Frost (1930a, 
1930b ), vessels first originated in the 
secondary xylem and metaxylem and 
appeared later in the protoxylem. It is 
probable that more detailed studies will 
reveal with certainty that there was a 
short lag in the origin of vessels in the 
metaxylem after their origin in the 
secondary xylem. The progressive specia- 
lization of vessels followed a similar spatial 
sequence, but a late secondary xylem- 
early secondary xylem-metaxylem-proto- 
xylem sequence is detectable. Though 
the “lags ’’ in such successive origins and 
specializations may be variable, there is 
at least no reliable evidence that the 
reverse of these trends ever occurs. In this 
connection it is important to note that the 
rather generalized information on the 
perforation plates of vessels in woody 
stems in the individual families of the 
dicotyledons available (a) in Solereder 
( 1908 ), (b) in Metcalfe and Chalk ( 1950 ), 
and (c) in the various pertinent volumes of 
Engler and Prantl (1887-1915, 1925) 
provide additional evidence for the vali- 
dity of the conclusions just noted. For 
example, in the secondary wood of certain 
species of eighteen® of the entirely woody 
families in which both simple and scalari- 
form plates were found, the scalariform 
plates were specifically reported as present 
only in the early secondary xylem ( ori- 
ginally described as near or in the neigh- 
borhood of the primary xylem). The 
descriptions of numerous additional 
families imply that the same distribution 
occurs in many other families. The oc- 
currence of the opposite condition — only 
simple plates in the secondary wood near 
the primary xylem when simple and 
scalariform plates appear in the later- 
formed secondary wood — was never re- 
corded, as far as could be determined. 
The preceding description of the distri- 


4. A personal communication in addition. 

5. Alangiaceae, Bonnetiaceae, Caryocaraceae, 
Casuarinaceae, Celastraceae, Eucommiaceae, 
Flacourtiaceae, Hippocrateaceae, Icacinaceae, 
Juglandaceae, Lauraceae, Monimiaceae, Myrica- 
ceae, Rhizophoraceae, Rosaceae, Sapindaceae, 
Tremandraceae, Ulmaceae. 
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bution of perforation plates is also true 
of certain of the woody representatives of 
families ( 83 in Metcalfe and Chalk, 1950 ) 
that also have herbaceous members 
( Achariaceae, Malesherbiaceae, Nyctagin- 
aceae, Rubiaceae, Rutaceae ). 


2. The occurrence of various types of per- 
Joration plates in wholly woody families 


(a) The families to follow each have 
one or more species that have exclusively 
scalariform plates. In some families, all 
species have such plates exclusively, in 
others the number of species is small. 
Furthermore, in some families most of 
the species may even have exclusively 
simple plates. Finally, many of the 
families are small. The families are: 
Aquifoliaceae, Balanopsidaceae, Betula- 
ceae, Bruniaceae, Buxaceae, Canellaceae, 
Celastraceae, Cercidiphyllaceae, Clethra- 
ceae, Columelliaceae, Cunoniaceae, Cyril- 
laceae, Daphniphyllaceae, Empetraceae, 
Epacridaceae, Ericaceae, Excalloniaceae, 
Eucryphiaceae, Eupomatiaceae, Euptelea- 
ceae, Flacourtiaceae, Garryaceae, Geis- 
solomataceae, Gomortegaceae, Goupia- 
ceae, Grossulariaceae, Grubbiaceae, Hama- 
melidaceae, Humiriaceae, Hydrangea- 
ceae, Icacinaceae, Lacistemaceae, Lardi- 
zabalaceae ( Decaisnea — personal obser- 
vation), Magnoliaceae, Marcgraviaceae, 
Monimiaceae, Myricaceae, Myrothamna- 
ceae, Myrtaceae, Nyssaceae, Octoknem- 
ataceae, Olacaceae, Pentaphylacaceae, 
Rhizophoraceae, Saurauiaceae, Schisan- 
draceae (including Illicium ), Stachyura- 
ceae, Staphyleaceae, Styracaceae, Sym- 
plocaceae, Theaceae, and Vacciniaceae. 

(b) Certain species in four additional 
families have mostly scalariform plates 
( Araliaceae, Brunelliaceae, Myristicaceae, 
Platanaceae ). 

(c) The remaining 91 families have 
exclusively simple perforations in their 
vessel members or no more than approxi- 
mately equal numbers of simple and 
multiperforate plates. | 


3. The occurrence of various types of per- 
foration plates in the woody members of 
families not wholly woody 


(a) Families in which the woody habit 
is dominant (19) or in which the woody 
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and herbaceous habits occur in various 
proportions ( 23 ). 

In the following families, at least some 
species have exclusively scalariform plates: 
Chloranthaceae, Cornaceae, Euphorbia- 
ceae, Passifloraceae, Roridulaceae ( Rori- 
dula ) and Violaceae. In addition, mostly 
scalariform plates occur in some species 
of the Dilleniaceae. 

In the following families, some species 
have: infrequent multiperforate plates in 
addition to the more common simple 
ones: Achariaceae, Apocynaceae, Berberi- 
daceae, Bignoniaceae, Caprifoliaceae, Cor- 
naceae, Dilleniaceae, Hypericaceae, Lina- 
ceae, Loganiaceae, Malesherbiaceae, Myr- 
sinaceae, Nyctaginaceae, Ochnaceae, Passi- 
floraceae, Rosaceae, Rubiaceae, Rutaceae, 
Sterculiaceae, Verbenaceae, and Violaceae. 
In addition, more frequent scalariform 
plates occur in certain woody species of 
the Euphorbiaceae and Passifloraceae. 

The woody members of the following 
families have exclusively simple perfora- 
tion plates: Asclepiadaceae, Aristolochia- 
ceae, Capparidaceae, Cistaceae, Globularia- 
ceae ( Selaginaceae ), Leguminosae, Lyth- 
raceae, Malvaceae, Melastomaceae, Mora- 
ceae, Proteaceae, Phytolaccaceae, Santala- 
ceae, Solanaceae, Thymelaeaceae, Tilia- 
ceae, Urticaceae, and Zygophyllaceae. 

(b) Families in which the herbaceous 
habit is dominant (40). 

Only Paeonia, in the Ranunculaceae, 
has exclusively multiperforate plates, but 
these have relatively few bars. 

In the following families, one or more of 
the woody species have infrequent scalari- 
form plates in association with the more 
common simple plates: Boraginaceae, 
Campanulaceae, Compositae, Gentiana- 
ceae — Gentianoideae, Goodeniaceae®, 
Labiatae, Lobeliaceae, Polemoniaceae, 
Umbelliferae, and perhaps the Piperaceae 
and Turneraceae. The woody species of 
Turnera apparently have more frequent 
multiperforate plates. 

In woody members of the following 
families, exclusively simple perforation 
plates occur: Acanthaceae, Amarantha- 
ceae, Cactaceae (also vascular tracheids ), 


6. Personal communication from Professor 
I. W. Bailey, on the basis of a slide of Scaevola 


sp. 
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Convolvulaceae, Cruciferae, Cucurbitaceae, 
Ficoidaceae, Frankeniaceae, Gesneriaceae, 
Hydrophyllaceae, Loasaceae, Oxalidaceae, 
Papaveraceae, Plantaginaceae, Plumba- 
ginaceae, Polygonaceae, Portulacaceae, 
Primulaceae, and Scrophulariaceae. The 
information on theStylidiaceae is not clear. 


4. The occurrence of various types of 
perforation plates in herbaceous dicotyledons 


Because of the questionable significance 
of tracheary elements in parasitic, sapro- 
phytic and aquatic forms, the families to 
follow below have been deleted from the 
general discussion of the origin of vessels. 
Actually, vessels are absent in some of 
these plants (e.g. Nymphaeaceae ), but are 
present in their most highly specialized 
form in many others ( e.g. Hippuridaceae ). 
Reliable information, however, is scanty 
and needs to be augmented by critical 
studies, particularly in view of the fact 
that the xylem in many definitely aquatic 
species is frequently described as being 
composed of tracheary elements with 
annular or helical thickenings only. Such 
new information, when considered to- 
gether with the frequently great length 
of such elements [ e.g. in all organs of at 
least some species of Castalia, Nymphaea, 
and Brasenia of the Nymphaeaceae — 
personal observation, Caspary (1862), 
Conard ( 1905 ) }, might be of great signi- 
ficance in determining whether vessels 
occur in these aquatics and whether, on a 
comparative basis, it can be reasoned that 
typical metaxylem and possible vessels 
therein have been lost. These possibilities, 
however, do not seriously affect the basic 
reasoning concerning the independent 
origin of vessels in the monocotyledons 
and dicotyledons, as will be noted later 
in the paper. As Mrs. Arber (1920) 
pointed out, there is a great variety of 
aquatic dicotyledons and they occur in 
numerous families, many of which are 
apparently widely separated phylogene- 
tically. Furthermore, considering only 
those families in which both aquatic and 
terrestrial forms occur, the ratio of aquatic 
to terrestrial forms varies from family to 
family. In addition, the degree of morpho- 
logical similarity of aquatic to terrestrial 
species varies from family to family. 
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Enough information is already at hand to 
predict confidently that comparative 
studies of tracheary elements in both 
aquatic forms and their presumed terres- 
trial relatives will provide significant data 
for the investigator. The saprophytic, 
parasitic and aquatic families excluded 
are the Balanophoraceae, Byblidaceae 
(excluding Roridula), Callitrichaceae, 
Cephalotaceae, Ceratophyllaceae, Drosera- 
ceae, Elatinaceae, Haloragaceae, Hip- 
puridaceae, Hydnoraceae, Hydrostachya- 
ceae, Lennoaceae, Lentibulariaceae, Mono- 
tropaceae, Nepenthaceae, Nymphaeaceae, 
Orobanchaceae, Podostemaceae, Rafflesia- 
ceae, and Sarraceniaceae. There are, of 
course, other plants in the categories in- 
cluded in this paragraph that occur in 
families otherwise of more characteristic 
type. 

(a) Species in the following families, as 
far as investigated, have exclusively simple 
perforation plates: Acanthaceae, Acha- 
riaceae, Apocynaceae, Aristolochiaceae, 
Asclepiadaceae, Balsaminaceae, Basella- 
ceae, Berberidaceae, Bignoniaceae, Bora- 
ginaceae, Cactaceae, Calyceraceae, Canna- 
binaceae, Capparidaceae, Caprifoliaceae, 
Caryophyllaceae, Circaeasteraceae ( per- 
sonal observations of stem and root of the 
only species, Circaeaster agrestis Maxim.), 
Cistaceae, Convolvulaceae, Crassulaceae, 
Cruciferae, Cucurbitaceae, Didiereaceae, 
Ficoidaceae, Frankeniaceae, Gentiana- 
ceae — Gentianoideae, Gesneriaceae, Glob- 
ulariaceae ( Selaginaceae ), Hydrophylla- 
ceae, Hypericaceae, Labiatae, Legumi- 
nosae, Limnanthaceae, Linaceae, Loasa- 
ceae, Lobeliaceae, Lythraceae, Malva- 
ceae, Melastomaceae, Moraceae, Myrsina- 
ceae, Oxalidaceae, Papaveraceae, Passi- 
floraceae, Pedaliaceae, Phytolaccaceae, 
Plantaginaceae, Plumbaginaceae, Polygo- 
naceae, Portulacaceae, Primulaceae, Pro- 
teaceae, Resedaceae, Rubiaceae, Santala- 
ceae, Saxifragaceae, Scrophulariaceae, 
Solanaceae, Sterculiaceae, Thelygonaceae 
(personal observation of stem, leaf, pedicel 
of Theligonium cynocrambe L.— Flora 
Exiccata Austro-Hungarica 2680), Thyme- 
laeaceae, Tiliaceae, Umbelliferae, Urtic- 
aceae, Verbenaceae, Violaceae, and Zygo- 
phyllaceae. Simple plates probably also 
occur in the Adoxaceae [ judging from 
Sturm’s drawing (1910, p. 404) |. Similar 
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plates occur in the Goodeniaceae, although 
the nature of the tracheary elements 
in Scaevola spinescens R. Br. is ques- 
tionable. 

(b) One or more species in the following 
families have a few scalariform ( usually 
short and often irregular ) plates together 
with the much more frequent simple 
plates: Begoniaceae, Campanulaceae, Com- 
positae, Chenopodiaceae, Dipsacaceae, Eu- 
phorbiaceae, Gentianaceae— Menyanthoi- 
deae (probably), Geraniaceae, Logania- 
ceae, Malesherbiaceae (probably), Nycta- 
ginaceae, Ochnaceae, Onagraceae, Pipera- 
ceae ( perhaps ), Polemoniaceae, Polygala- 
ceae, Rosaceae, Rutaceae, Stylidiaceae 
(Solereder, 1908, p. 470, and personal 
observations — short scalariform plates 
of only 2-5 bars in some vessel elements 
with annular or helical thickenings, other- 
wise simple plates, in scapes of Stylidium 
bulbiferum and S. dichotomum ), Turnera- 
ceae ( probably ), and Valerianaceae. 

(c) Exclusively scalariform perforation 
plates are present in the rather suffruticose 
herbs of the Chloranthaceae, in Paeonia 
(short plates with few bars) of the 

. Ranunculaceae, in the specialized herba- 
ceous sub-genus Arctocrania of Cornus 
( Cornaceae ), in the two species of which 
occur the fewest number of bars found in 
the entire genus ( Adams, 1949, p. 233), 
in the Saururaceae (personal observa- 
tions — vessel elements with 10-30 thin 
bars in the perforation plates in stems of 
Saururus cernuus and S. chinensis ), and 
in Acrotrema of the Dilleniaceae ( personal 
observations of stems of A. uniflorum and 
A. costatum Jack ). 


5. Vesselless dicotyledons 


Disregarding the vesselless members 
within the list of exotic families or genera 
previously noted, in which lack of vessels 
seems to be associated in part with 
unusual habitats or heterophytic modes of 
nutrition, there are ten known genera 
(100 + species) of vesselless dicotyledons. 
They include Belliolum, Bubbia, Drimys, 
Exospermum, Pseudowintera and Zygo- 
gynum of the Winteraceae; Tetracentron 
sinense Oliv. ( Tetracentraceae ); Trocho- 
dendron aralioides Sieb. et Zucc. ( Trocho- 
dendraceae ); Amborella of the Moni- 
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miaceae (now considered as a separate 
family, Amborellaceae, by Money, Bailey, 
and Swamy, 1950); and Sarcandra of the 
Chloranthaceae. All of them are either 
trees or are at least shrubby, with Sar- 
candra being the least shrubby of all. 
Bailey and Thompson ( 1918 ), in refuting 
the conclusion of Jeffrey and Cole ( 1916), 
clearly showed that Tetracentron, Trocho- 
dendron and Drimys never had vessels; 
Bailey (1944b) gave no indication that 
the remaining genera of the Winteraceae 
ever had vessels; and both Amboreila 
( Bailey & Swamy, 1948) and Sarcandra 
(Swamy & Bailey, 1950) are also con- 
sidered primitively vesselless. All of 
these plants are, furthermore, vesselless 
throughout all organs. 


6. Summary and conclusions for the 
dicotyledons 


The preceding categories (1-5) of 
information, which are mostly factual in 
nature, provide the basis for the following 
statements: 

(a) There are ten woody genera (in 
five families ) that lack vessels entirely. 

b) There are 52 families (out of a 
total of 147) of wholly woody plants in 
which one or more species have exclusively 
scalariform perforation plates. 

(c) Among the woody representatives 
of families having both woody and 
herbaceous members, only seven ( out of 
a total of 82 ) families include one or more 
species having exclusively scalariform 
perforation plates. 

(d) Among adequately described species 
of herbaceous plants, only Paeonia of the 
Ranunculaceae, Pentaphragma of the Cam- 
panulaceae, the few herbs of the small 
families Chloranthaceae and Saurura- 
ceae, the herbaceous representatives of 
Cornus, and Acrotrema uniflorum and A. 
costatum of the Dilleniaceae have perfora- 
tion plates that are exclusively scalari- 
form. Even in these, the plates are often 
not at all primitive, but are short and 
consist of a relatively small number of 
perforations (and bars ). 

(e) In 61 families of the remaining 
herbs exclusively simple plates are present, 
and in the last 20 families a few scalari- 
form perforation plates, usually short, are 
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present in association with the much more 
frequently occurring simple ones. 

One irresistible conclusion based on the 
statements (a-e) made above is that in 
the dicotyledons vessels have originated 
phylogenetically in woody plants. Fur- 
thermore, some of the vesselless forms 
seem so widely divergent on other grounds 
that it is necessary to conclude that 
vessels must have arisen independently 
several times. Put in another way, some 
of the vesselless plants (e.g. Sarcandra 
and Amborella) are more closely related 
to other plants with vessels than they 
are to each other or to any other primitive- 
ly vesselless forms. A second conclusion 
is that the relative specialization of 
vessels in the herbaceous forms excludes 
herbs as the source of woody plants. 
[ This is, of course, a reaffirmation of the 
conclusions drawn by Sinnott and Bailey 
( 1922, and other literature cited therein ) 
on entirely different evidence.] Only the 
presence of a few isolated herbaceous 
species with exclusively scalariform plates 
prevents such a statement from being 
completely obvious, but it is entirely 
likely that such herbaceous forms have 
been derived directly from shrubby or 
arboreal ancestors whose vessels are of a 
similar or more primitive character (e.g. 
Cornus ). In any event, these rare herbs 
cannot have given rise to the vesselless 
woody dicotyledons. 

In this connection it is important to 
emphasize that, based on the demons- 
trated highly specialized condition of 
vessels in almost all dicotyledonous herbs, 
specialization of vessels in the woody 
forbears of the vast majority of herbs in 
the dicotyledons must have reached the 
stage in which the early secondary xylem 
and at least the later-formed primary 
xylem (metaxylem ) had vessels chiefly 
with simple perforation plates before herbs 
arose. The rare herbs mentioned in the 
preceding paragraph, therefore, represent 
exceptional cases that are truly under- 
standable only when considered in the 
light of the usual course of evolution. 
Furthermore, it is highly probable that 
intensive study of the xylem alone in 
families composed of both woody and 
herbaceous members will provide abun- 
dant independent evidence that herbs 
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themselves have originated separately in 
many families. 

In summary, it is essential to emphasize 
(1) that phylogenetically vessels originated 
in shrubby or arborescent dicotyledons, 
first in the secondary xylem and late 
primary xylem (and probably in the 
secondary first) and then in the earlier 
primary xylem, (2) that phylogenetic 
specialization of vessels began in the outer 
secondary xylem and progressed into the 
early secondary xylem, metaxylem and 
protoxylem in succession, (3) that all 
reliable evidence indicates that vessel 
specialization is irreversible, (4) that the 
vast majority of true herbs are apparently 
highly specialized and must have been 
derived by reduction of cambial activity 
from woody ancestors only after consider- 
able specialization of vessels in such 
ancestors had occurred, and (5) that 
primitive herbs, from the standpoint of 
vessels, are so extraordinarily rare as to 
be, for phylogenetic purposes, practically 
non-existent. 


B. For THE MONOCOTYLEDONS 


The following information is for the 
most part derived from the present writer’s 
studies (Cheadle, 1942, 1943a, 1943b, 
1944, and data here included for the first 
time ). Critical observations of vessels in 
the monocotyledons are otherwise indeed 
fragmentary. For the most part informa- 
tion in the literature concerning such 
elements is unreliable because it is casual 
in nature and too often consists of vague 
references to all tracheary elements as 
vessels. Nevertheless, many original 
publications not listed in the literature : 
cited were examined as possible sources 
of information. References that do pro- 
vide reliable data are noted where they 
are pertinent in the following. Published 
data are available for all parts of the 
plant in the monocotyledons, a situa- 
tion which does not prevail for most 
dicotyledons. 

The families listed below are those 
defined by Hutchinson ( 1934). The first 
figure following a family name refers to the 
number of genera examined by the present 
writer, the second to the number of species 
( occasionally varieties ). 
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1. The occurrence of vessels in the various 
families 


AGE amilies without vessels 


The following families lack vessels 
entirely, as far as is known: Hydrochari- 
taceae (2, 2), Lemnaceae (2, 2), Najada- 
ceae (1, 3), Ruppiaceae (1, 1), Zanni- 
chelliaceae ( 1, 1 ), and Zosteraceae (1, 1 ). 
Caspary ( 1862 ) described species of three 
genera (Caladium, Acorus and Pistia ) in 
the Araceae, of two genera in the Orchida- 
ceae (Acropera and Aerides), and of 
Plectogyne in the Liliaceae as lacking 
vessels. Both Caladium and Acorus, how- 
ever, have very long scalariform plates in 
the roots, and closely related genera of the 
others named by Caspary have similar 
vessel members in roots, but not elsewhere. 
The membranes in the perforation plates 
of some vessel members remain intact 
for rather long periods of time and Caspary 
may have examined such vessel members 
and erroneously considered them as tra- 
cheids. At any rate, it is obvious that 
these vessel members are extremely 
primitive. 

Families with vessels present only in 
the roots 

Depending upon the species, the vessel 
members may be primitive or highly 
specialized, even in the same family. The 
families are: Agavaceae ( 10, 25 ), Alisma- 
taceae (1, 5), Alstroemeriaceae (1, 1), 
Amaryllidaceae (18, 24.), Araceae (11, 
12), Butomaceae (2, 2), Cannaceae 
(1, 1), Hypoxidaceae (1, 1), Juncagina- 
ceae (1,1), Lilaeaceae ( 1, 1), Philesiaceae 
(1,1), Pontederiaceae : (2, 3), Potamo- 
getonaceae (1,5), Scheuchzeriaceae (1, 
iy) stielitziaceae (3; 3), Irilliaceae. (2, 
3), and Xanthorrhoeaceae (1, 1, includ- 
ing data from Schulze, 1893). 
key Families having some species with 
vessels in the roots only and other species 
with vessels in the roots and elsewhere. 

Depending upon the species, the vessels 
in the roots may be primitive or highly 
specialized, but those elsewhere have 
exclusively scalariform perforation plates. 
The families are: Bromeliaceae ( 19, 28), 
Iridaceae (3, 5), Liliaceae (33, 44), 
Marantaceae (3, 4), Musaceae (1, 2), 
Orchidaceae (15, 20), Ruscaceae (2, 2), 
Sparganiaceae (1, 5), and Zingiberaceae 
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(9,14). Investigations, where pertinent, 
by such authors as Schulze ( 1893), Mez 
(1904), Waterston ( 1912), and Solereder 
and Meyer ( 1930, 1933 ) confirm the results 
noted above, except that simple perfora- 
tion plates are said to occur in stems of 
certain members of at least the Orchida- 
ceae, and that vessels are lacking through- 
out the plant in Hedychium gadnerianum 
of the Zingiberaceae. The last statement 
is open to serious question, however. 

A Families with vessels throughout 
the plant 

The perforation plates are similar 
throughout the plant in some species, but 
dissimilar in others, and, depending upon 
the species, may all be primitive or all 
highly specialized. The families are: 
Commelinaceae (4, 5), Cyperaceae (11, 
33 ), Dioscoreaceae ( 1, 6), Eriocaulaceae 
(2, 2), Gramineae ( 44, 64), Haemodora- 
ceae (2, 2), Juncaceae (2, 10), Mayaca- 
ceae ( 1, 1 — the presence of vessels in the 
leaves is not certain, however ), Palmae 
(27, 31), Pandanaceae ( 2, 11), Smilaca- 
ceae (3, 27) Typhaceae- (1, 2), sand 
Xyridaceae (1, 3). In addition to these 
families, stems of two species in the 
Cyclanthaceae and of one species in the 
Velloziaceae have vessels. In view of the 
fact that vessels have been found to be 
invariably present in the roots of plants 
having vessels in the stem in all species 
where both organs were ävailable for 
study, vessels undoubtedly occur in the 
roots of the three species in the two 
families just mentioned. It is also pro- 
bable that vessels occur in the leaves, 
because vessels are lacking in these cir- 
cumstances in only 12 of the several 
hundred species in the monocotyledons 
that have been examined throughout all 
organs of the plant. 

(e) Among the families, as understood 
by Hutchinson (1934), not represented 
above, the following information from 
Solereder and Meyer ( 1930 ) seems reliable 
for at least some species in each family. 
Vessels are reported in the stems of the 
Apostasiaceae; stems of Flagellariaceae, 
Restionaceae (data from Gilg, 1891, 
particularly), and Thurniaceae; in the 
roots of the Philydraceae; and throughout 
the plant in the Rapateaceae. In addi- 
tion, Siebe ( 1903 ) reported vessels in the 
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roots and in the inflorescence axes of some 
species of the Apostasiaceae. 


2. The origin and trends of tra ais 
of vessels throughout the plant 
Ÿ From organ to organ 

Because there are whole families, as 
well as some species in other families, in 
which vessels occur exclusively in the 
roots, it is evident that vessels originated 
first in the roots. Similarly, because 
vessels occur in the roots and stems of 
some species and not in the leaves ( Chea- 
dle, 1942, p. 449 ), it is logical to conclude 
that vessels arose last in the leaves. In 
only certain investigated species of Dra- 
caena and Cordyline are vessels ( pri- 
‚mitive ) present in the leaves and absent 
“in the stems, and this situation is possibly 
explained (Cheadle, 1943b, p. 490) on 
the basis of the presence of secondary 
vascular tissues in the stems and absence 
of the same in the leaves. The phylo- 
genetic specialization of vessels in the 
various organs of the plant follows the 
same pattern; direct evidence for this 
statement is found in species after species 
in most of the families having vessels 
throughout the plant. In summary, ves- 
sels originated and underwent specializa- 
tion successively in the root, stem and 
leaf. Lags occur in this specialization in 
some species, but the only single piece of 
contradictory evidence is found in the 
leaves of some species of Cordyline and 
Dracaena. 

(b) Within each organ 

Vessels originated in the late metaxylem 
and successively in the early metaxylem 
and protoxylem (regardless of whether 
these parts of the xylem are defined in 
terms of structure or of the ontogenetic 
sequence based on the final maturation 
of the elements concerned ). Specializa- 
tion of vessels followed the same spatial 
sequence. These two statements are 
based upon the facts (a) that in many 
species where vessels are present, they 
occur exclusively in the later-formed 
metaxylem and are in these cases pri- 
mitive in character, (b) that in many 
species where vessels occur throughout 
the metaxylem exclusively, those in the 
later-formed metaxylem are more spe- 
cialized than those in the early-formed 
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metaxylem, and (c) that in many species 
where vessels occur throughout the meta- 
xylem and protoxylem they are most 
specialized in the later-formed metaxylem, 
intermediate in specialization in the early- 
formed metaxylem, and most primitive in 
the protoxylem. So conclusive is this 
evidence that no convincing data showing 
the reverse of these trends have ever been 
reliably reported, and this evidence now 
includes material from all available organs 
of 392 species in 248 genera of 41 families 
in the monocotyledons that have vessels, 
either exclusively in the roots or through- 
out the plant. Whatever the influence 
that the habitat may have, it has not 
affected this distributional pattern of 
vessel specialization. This is a matter 
of the greatest importance in terms of 
any series of “ reduction ” that might be 


‘envisioned in studying the aquatic mono- 


cotyledons that lack vessels. For example, 
these aquatic forms either have almost 
no tracheary elements or they have, as 
far as they are now known, tracheids 
having annular or helical thickenings. 
Thus they cannot have been reduced from 
plants, aquatic or otherwise, that have 
vessels ( Figs. 16-18) with such thicken- 
ings. It is possible, however, that they 
could have been derived from plants 
having either vessels or tracheids in other 
parts of the xylem that could have been 
lost by reduction. There appears to be 
no evidence at hand at the present time 
concerning the character of the xylem 
which may have been “ reduced ”. 

3. There are species in which vessels of 
the most primitive type occur exclusively 
in the last-formed metaxylem of the roots 
and nowhere else in the plant. As a 
matter of fact, it is extremely difficult to 
be certain that the many transversely 
elongate pits in the long end walls of such 
tracheary elements are actually perforate — 
and thus to be sure that these elements 
are true vessel members, This situation 
is true of some species in the Liliaceae, 
Araceae, Sparganiaceae, Agavaceae and 
other families, and leads one to suspect 
that vessels may have arisen indepen- 
dently several times in the roots of the 
monocotyledons, just as they have with- 
out much doubt in the stems and leaves 
of monocotyledons. 
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4. Summary for the monocotyledons 


The information presented for the 
monocotyledons can be summarized briefly 
in the following statements: 

(a) Phylogenetically, vessels arose in 
the roots and then successively in stems 
and leaves. Vessel specialization fol- 
lowed the same pattern. 

(b) Phylogenetically, the origin and 
specialization of vessels began in the last- 
formed metaxylem and progressed suc- 
cessively into the early-formed metaxylem 
and protoxylem. 

ef There are present-day plants in the 
monocotyledons in which extremely pri- 
mitive vessels — whose members have 
long scalariform plates with over 100 
bars — occur exclusively in the last- 
formed metaxylem of the roots. (It 
remains to be seen whether in some 
cases these vascular elements may actually 
be scalariformly pitted tracheids.) 

here are exclusively aquatic fami- 
lies in the monocotyledons that lack vessels 
entirely and have a minimum of tracheary 
tissue, which is characterized by elements 
with annular or loosely helical wall 
thickenings. Such plants have probably 
been reduced from terrestrial forms which 
lacked vessels with such _ thickenings. 
Whether such ancestors had tracheids or 
vessels in the xylem which may have been 
lost is unknown, but in any event this 
problem should not be confused with the 
point at issue in the present paper. 

(e) Certain families in the monocoty- 
ledons have not yet been reliably in- 
vestigated. However, the only possible 
structural peculiarity that those of typical 
habit could possess is the complete absence 
of vessels, a situation which would provide 
further evidence for the notion that vessels 
originated independently in the mono- 
cotyledons. 


V. Conclusions 


The point at issue in this report is 
whether or not vessels originated in- 
dependently in the monocotyledons and 
dicotyledons. In the consideration of 
this problem, it is essential to bear in mind 
the significance of the mass of information 
which has been gathered together and 
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summarized at appropriate places in the 
present paper. It is also necessary to 
recognize the basic validity both of the 
methods and of the results of studies of 
the phylogeny of tracheary elements in 
the dicotyledons and in the monocoty- 
ledons. In the absence of an understand- 
ing of these matters, the following dis- 
cussion will be without cogency and the 
compelling nature of the arguments un- 
recognized. 

The observed occurrence and specializa- 
tion of vessels in the dicotyledons lead to 
the obvious conclusion that vessels arose 
independently in the dicotyledons, pro- 
bably several times. It is furthermore 
rather clear that vessels in the dicoty- 
ledons phylogenetically arose in the secon- 
dary xylem of woody plants, as evidenced 
by the facts (a) that all the 100 or more 
species of primitively vesselless dicoty- 
ledons are woody, (b) that there are woody 
species having vessels ( primitive) only in 
the secondary xylem — although it is 
difficult to be certain that there are 
actually no primitive vessels in such 
species in the late primary xylem, and 
(c) that all other dicotyledons of typical 
habit have vessels of one sort or another. 
There is no question about phylogenetic 
specialization of vessels in the secondary 
xylem preceding that in the primary xylem. 

What then are the alternative explana- 
tions for the facts of vessel occurrence and 
specialization in the monocotyledons ? 
It is particularly important to recall in 
connection with this question that in some 
species of monocotyledons vessels are res- 
tricted to the late metaxylem of roots 
and that even there they are extremely 
primitive in character; there is even the 
possibility that in some cases these ele- 
ments may actually be tracheids. If it 
could be reliably established that vessels 
were primitively absent throughout all 
organs in any terrestrial monocotyledon, 
there would be no question of independent 
origin of vessels in this group of plants. 
In the probable absence of such entirely 
vesselless monocotyledons, it becomes 
necessary to establish the concept of inde- 
pendent origin of vessels in the mono- 
cotyledons by elimination of any other 
explanation for the occurrence and specia- 
lization of vessels in these plants. 
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In the light of our present state of mor- 
phological knowledge, the alternative ex- 
planations should be based on and include 
the following assumptions: (1) that the 
angiosperms are monophyletic ( cf. Bailey, 
1949, p. 69), and (2) that the monocoty- 
ledons have been derived from the di- 
cotyledons. The first assumption is based 
on conjectural grounds; the second rests 
on a firmer basis, the evidence for which 
need not be considered here because of its 
general acceptance. It should be em- 
phasized here, too, that in the following 
discussion no attempt is made to consider 
critically other morphological criteria 
aside from tracheary elements; it is of 
course quite impossible completely to 
divorce additional criteria, at least by 
implication, from the discussion. Those 
interested in the general problem of the 
phylogeny of vascular plant groups can 
use the discussions for whatever they 
are worth in the compilation of all the 
evidence. As Bailey (1944a, p. 425) 
pointed out, the “‘ specialization of vessels 
is most directly significant and reliable in 
negations, and commonly must be used in 
conjunction with other evidence for the 
attainment of valid positive conclusions ”’ 
in vascular plant phylogenies. 

The first alternative, and the one which 
the present writer considers most likely, 
assumes that the monocotyledons were 
derived ( by reduction of vascular cambial 
activity, or by modification of this activity, 
as illustrated in the Agavales and else- 
where ) from undiscovered fossil or living 
woody dicotyledons that lacked vessels 
throughout the plant. This is obviously 
speculation in support of the independent 
origin of vessels in the monocotyledons, 
but it fits the facts as known for these 
plants. It furthermore fits the observed 
facts in the dicotyledons, in which many 
species, some in phylogenetically remote 
families, are primitively vesselless. As 
far as is known ( cf. Bailey, 1944a, p. 424), 
vessels arose and specialized simulta- 
neously in at least the stems and roots of 
the dicotyledons. That this is demons- 
trably not true in the monocotyledons is 
further evidence that vessel origins and 
specializations in the two subclasses of 
the angiosperms were and are independent, 
parallel developments. This alternative, 
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of course, brings up the problem of what 
groups of monocotyledons may be most 
primitive. It is not the object of the 
present paper to consider this problem, but 
it is obvious enough what requirements 
any candidates for this position must 
meet with regard to the tracheary ele- 
ments throughout the plant — they must 
be vesselless everywhere in the plant 
except in the late metaxylem of the roots 
and there have extremely primitive vessels 
exclusively. 

A second alternative, considered here 
because it has been implied or suggested 
frequently, is that dicotyledonous herbs 
were forebears of the monocotyledons. 
Adherents of this view are, however, 
faced with the evidence that, aside from 
some aquatic, parasitic and saprophytic 
forms, such herbs are in the vast majority 
characterized by highly specialized vessels. 
Even the rare dicotyledonous herbs with 
scalariform perforation plates in the 
stems are too specialized to serve as an- 
cestors of the monocotyledons — especial- 
ly if one assumes that the latter are mono- 
phyletic — because in the shoot system 
of species in many families vessels are 
entirely absent and have bundle forms in 
keeping with the numerous tracheids 
present in their metaxylem areas (cf. 
Cheadle & Uhl, 1948). Some dicotyledo- 
nous herbs (e.g. in the Ranunculaceae ) 
have bundles that in _ cross-sectional 
views are said to resemble those in the 
monocotyledons because of their lack of, 
or minimum activity in, a vascular cam- 
bium and because of their vessel distribu- 
tion patterns. However, such bundles 
resemble in the monocotyledons only those 
bundles with highly specialized xylem, 
such as occur in the grasses. Certainly 
such bundles are not primitive in the 
monocotyledons. To so consider them 
one must disregard the great mass of 
cogent evidence accumulated by the 
present writer. It would be even more 
illogical to assume that in the monocoty- 
ledons the numerous bundles characterized 
by tracheids exclusively have by some 
wholesale method been reduced phylo- 
genetically from grass-type bundles, in 
the meantime somehow gaining the addi- 
tional numerous tracheary elements that 
often characterize such truly primitive 
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bundles. It should also be pointed out 
that if one should speculate that the 
ranunculaceous types of bundles actually 
lost their vessels in the transition to pri- 
mitive monocotyledonous types and then 
subsequently went through the evolu- 
tionary changes characteristic of the 
monocotyledons, he must also assume that 
even the pattern of size and distribution 
of the original vessels must have been 
lost and then subsequently regained. This 
appears to the writer as an illogical and 
unnecessarily tortuous explanation of the 
facts concerning vessels in the monocoty- 
ledons. It is much more likely that the 
similarity of the bundles in the dicoty- 
ledonous herbs under consideration to 
those in certain groups of the monocoty- 
ledons is a matter of parallel evolution 
and not of close phylogenetic relationship. 

A third alternative explanation for the 
facts of vessel distribution and specia- 
lization in the monocotyledons lies in the 
possibility that some of the few present- 
day woody dicotyledons which have 
vessels in their secondary xylem but very 
likely lack them in their primary xylem 
might have been an ancestral source for 
the monocotyledons. Such a possibility 
involves loss of cambial activity before 
vessels originated in the primary xylem. 
If the speculative herbaceous forms so 
derived developed no vessels prior to 
giving rise to monocotyledons, then ves- 
sels arose independently in the latter. 
If vessels were developed in such herbs 
while they were still “ dicotyledonous ”’ in 
nature, then the vessels must have dev- 
eloped only in their most primitive 
state and exclusively in the late meta- 
xylem of the roots of such herbs. Since 
dicotyledonous herbs of this sort are not 
presently known, they either (a) did not 
occur, (b) have not been discovered, or 
(c) have disappeared. If the woody 
dicotyledons under discussion lacked ves- 
sels everywhere in the primary xylem 
except for primitive ones in the late 
metaxylem of the roots, then the reduc- 
tion of cambial activity could directly 
have resulted in a tracheary condition 
(as far as the true nature of the elements 
is concerned) which fits the primitive 
conditions in the monocotyledons; but 
woody dicotyledons of this type are not 
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known, and in the light of our present 
knowledge of the anatomy of woody 
dicotyledons, probably do not exist and 
presumably never have. Another dis- 
advantage of embracing this third (and 
also the second ) alternative explanation 
is that its acceptance makes mandatory 
the assumption that secondary growth (in 
which tracheids are the only tracheary 
elements produced), as observable in the 
Agavales and elsewhere, has arisen in- 
dependently in the monocotyledons and 
is, therefore, a totally new acquisition. 
This has not been adequately established, 
or at least is open to doubt, and in any 
event should not be accepted merely 
because it becomes necessary to do so on 
the basis of a speculative explanation for 
the origin of the monocotyledons from 
the type of woody dicotyledons under 
consideration. 

Until further evidence is available con- 
cerning the significance of the absence of 
vessels in certain dicotyledonous aquatic 
forms (e.g. Nymphaeaceae), there is 
little to be gained from discussing these 
plants, on the basis of their tracheary 
elements, as the ancestral source of the 
monocotyledons. As pointed out earlier 
in this paper, and as argued cogently by 
Schenck (1886, pp. 27-32) and authors 
cited by him, it is likely that such dicoty- 
ledons have xylem areas in various 
stages of reduction and are, therefore, not 
primitive. These plants, as well as a 
broad sampling of other aquatic forms, 
need to be critically examined in the 
light of our modern knowledge and under- 
standing of tracheary elements. At any 
rate, even if such vesselless forms were 
involved in the origin of the monocoty- 
ledons, it means that vessels must have 
arisen independently in the monocoty- 
ledons. Acceptance of such an origin for 
the monocotyledons, or any part of them, 
would thus not weaken the evidence for 
the validity of the stand taken in the 
present paper. 

In view of the evidence and discussion 
presented, it appears most logical to con- 
clude that, in the light of our present 
knowledge at least, vessels have originated 
and specialized independently in the 
monocotyledons and dicotyledons. The 
present writer predicts that when further 
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detailed information is available for the 
dicotyledonous herbs, such information 
will merely confirm what Bailey (1944a, 
p. 425) and he (Cheadle, 1943a, p. 17) 
have stated about the independence of 
these evolutionary changes in the mono- 
cotyledons and dicotyledons. 


VI. Summary 


The methods of approach in phylo- 
genetic studies of tracheary elements, the 
kinds of vessels observed in the angio- 
sperms, and the origin and irreversible 
specialization of vessels in the angiosperms 
are briefly reviewed. 

The evidence reviewed clearly indicates 
that in the stems (and probably in the 
roots as well) of woody dicotyledons 
vessels (1) arose in the secondary xylem 
and late metaxylem, metaxylem, and 
protoxylem in succession and (2) specia- 
lized in the same spatial sequence, but 
with a detectable lag from the late secon- 
dary xylem back to the protoxylem. 

The available information is presented 
on the occurrence and types of vessels 
in the various families of the dicotyledons, 
which are listed on the basis of the woody 
or herbaceous habits of their members. 
Although more conclusive evidence is 
needed for herbaceous species, the avail- 
able evidence shows that highly specia- 
lized vessels occur in almost all known 
typical herbs in the dicotyledons. On the 
other hand, all vesselless species in the 
dicotyledons are woody. 

An explanation is given for the exclu- 
sion at this time — for all practical pur- 
poses — of the aquatic, saprophytic and 
parasitic herbs of the dicotyledons from 
the critical discussion of the independent 
origin and specialization of vessels in the 
monocotyledons and dicotyledons. 

The reliable evidence available on the 
occurrence and specialization of vessels 
throughout the plant and within each 
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organ of the plant in the monocotyledons 
is presented. The evidence reveals that 
vessels originated in the roots, stems and 
leaves in succession and specialized in the 
same sequence. Furthermore, vessels 
phylogenetically appeared in each organ 
in the later-formed metaxylem first and 
then later in the earlier-formed meta- 
xylem and protoxylem in succession. Ves- 
sel specialization in each organ followed 
the same sequence. It is emphasized that 
any explanation for the observed occur- 
rence and specialization of vessels in the 
monocotyledons must take cognizance of 
the fact that in at least some species of 
many families of this group vessels of any 
kind are absent everywhere in the plant 
except in the last-formed metaxylem of 
the roots and even there are of an ex- 
tremely primitive type. 

In the light of the: reliable evidence 
presently available, alternate explanations 
of a phylogenetic nature for the observed 
occurrence and specialization of vessels in 
the monocotyledons and dicotyledons are 
discussed. It appears that — assuming 
a monophyletic origin for the angiosperms 
as a whole, and for the monocotyledons — 
vessels originated and specialized inde- 
pendently in the monocotyledons and 
the dicotyledons. 
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THE QUESTION OF FERTILIZATION IN 
SMILACINA RACEMOSA: (L) DESF. 


ANNE L. GORHAM? 
McGill University, Montreal, Canada 


Introduction 


Smilacina racemosa (L) Desf. belongs to 
the Liliaceae, in the group Polygonatae of 
Engler and Prantl (1930). The develop- 
ment of the embryo sac was described by 
McAllister (1913) as of the Allium-type. 
However, he had difficulty in determining 
the contents of the mature sac — the 
species is apomictic, and nucellar embryos 
and egg apparatus together made a mass 
of cells indistinguishable to him. The 
fact that pollen tubes were present in the 
stylar canals led him to believe there was 
fertilization as well as adventive em- 
bryony. The present study is a re- 
investigation of the embryo sac develop- 
ment. 


Materials and Methods 


Material was collected from wild plants 
in rich open woods near Montreal, Canada, 
between early April when the shoots 
pushed above ground and late June when 
the berries were formed. Inflorescences 
were fixed in 3 : 1 absolute alcohol-acetic 


acid and in Craf III, softened with 
hydrofluoric acid, and imbedded in 
paraffin. The sections, cut at 10 to 22 u, 


were stained in iron-alum haematoxylin. 


Normal Development 


FEMALE GAMETOPHYTE — The arche- 
sporial cell in S. racemosa is reported for 
the first time in the present study ( Fig. 1 ). 
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Fics. 1-10 — Fig. 1, archesporial cell, separated from nucellar epidermis by one hypodermal 


layer. 
meiosis II, upper dyad forms the sac. 


Fig. 2, megaspore mother cell, two parietal nucellar layers. 


Fig. 3, meiosis I. Fig. 4, 


Fig. 5, mitosis I, with two non-functional megaspores at 
chalazal end. Fig. 6, mitosis II, fused non-functional megaspores in lowest position. 


Fig. 7, 


seven-celled gametophyte, just after mitosis II; lowest cell contains the fused nuclei of non-func- 


tional dyad. 


Fig. 8, typical mature gametophyte with fused non-functional megaspore nuclei 


at chalazal end; at micropylar end the parietal nucellar layers have been absorbed, except for one 


cell. 


Fig. 9, egg apparatus and dividing nucellar cell; synergids at left, one below the other, and 
egg, in atypical form, at right below the nucellar cell. 


Fig. 10, two-celled proembryo from 


outer parietal nucellar layer, surrounded by walls of absorbed cells; endosperm nuclei below the 


embryo. Figs. 1-4 x 350. Figs. 5-10 x 450. 
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It is situated below one hypodermal 
nucellar layer which usually is two cells 
wide. The archesporial cell functions 
directly as the megaspore mother cell 
(Fig. 2). Division in the hypodermal 
layer occurs first in one cell, then the 
other; thus in sections, the megaspore 
mother cell may appear to be separated 
from the nucellar epidermis by one or 
two parietal layers (Figs. 2, 3). In 
later stages, there are two parietal layers 
between the embryo sac and the nucellar 
epidermis. 

Development from the megaspore 
mother cell follows the pattern described 
by McAllister (1913). Two meiotic divi- 
sions occur ( Figs. 3, 4). The two chala- 
zal megaspores are non-functional. They 
are small and degenerated; frequently 
they fuse. They may persist until the 
beginning of endosperm formation. The 
upper dyad by two mitotic divisions 
( Figs. 5, 6) forms an eight-nucleate em- 
bryo sac arranged in two quartets sepa- 
rated by a central vacuole. Cell walls 
form between the nuclei, resulting in a 
seven-celled female gametophyte ( Fig. 
7). The upper polar nucleus moves 
down until it is opposite the lower polar 
nucleus, the two gradually becoming 
appressed ( Fig. 8). The antipodal cells 
are small, but persist through the first 
few endosperm divisions. The synergids 
are triangular, sometimes with a well- 
marked filiform apparatus. The egg is 
somewhat variable in shape, being nor- 
mally pear-shaped, with a large vacuole 
in the upper part of the cell, while the 
nucleus occupies the lower part. 

In the mature embryo sac the egg 
apparatus frequently shows signs of 
degeneration. The synergids become 
shrunken and deeper staining, while in 
the egg the vacuole may become complete- 


ly collapsed. At the same time, one or 
more nucellar proembryos may develop 
CRT) 

EMBRYOGENY — During the growth of 
the embryo sac, first the inner parietal 
layer of the nucellus becomes absorbed, 
then the outer parietal layer. In some 
ovules when the embryo sac is binucleate, 
one or rarely two nucellar cells of the 
outer parietal layer may be distinguished 
from the others by their larger size. By 
the eight-nucleate stage more than half 
the ovules contain one or more such 
enlarged nucellar cells, which are charac- 
terized by a large round nucleus, dense 
granular cytoplasm, and frequently a 
vacuole (Figs. 8, 11). Such cells pro- 
trude into the cavity of the ovule, in the 
same region as the egg apparatus. Thus 
an enlarged nucellar cell might easily be 
mistaken for an egg cell, except for one 
distinguishing feature which is always 
present, although not conspicuous: the 
wall of the egg cell is not attached to the 
nucellus, but the enlarged nucellar cell 
is always enclosed by a wall (sometimes 
distended ), which is joined to the walls 
of oe nucellar epidermis (Figs. 9, 11, 
12): 

Divisions of the enlarged nucellar cells 
produce the embryos. The young em- 
bryos are variable in form and in time of 
development. There may be more than 
one embryo in an ovule. The embryos 
may develop in two ways. The more com- 
mon method is by divisions from a single 
enlarged nucellar cell ( Fig. 13, a-i). Less 
frequently, they appear to arise from a 
group of nucellar cells (Fig. 13 j, k). 
The former often reach a four to eight- 
celled condition before polar fusion, while 
the latter are found only in seeds contain- 
ing at least two hundred endosperm 
nuclei. 


— 


Fics. 11-13 — Fig. 11, serial sections of the micropylar end of a mature sac: (a) egg, with one 
synergid at right, somewhat degenerated; (b) second synergid at right, an enlarged nucellar cell 


at centre; (c) another enlarged nucellar, containing a vacuole. 


Fig. 12, early endosperm stage, 


serial sections: (a) micropylar end only; one synergid at left, a dividing nucellar proembryo at right; 
(b) entire length of sac; remainder of above synergid, the second synergid below it, and egg at 
centre; upper right, enlarged nucellar cell; in lower part of sac, two large endosperm nuclei from 
first division of the fusion nucleus; three small antipodals, and non-functional dyad at chalazal 


end; thick-walled hypostase surrounds chalazal region. 


Fig. 13, diagrams showing variable 


structure of nucellar embryos: a-i, unicellular origin; j, k, multicellular origin; c and h, d and e, 


two embryos from one ovule. 


Fig. 11 x 450. Fig. 12 x 300. Fig. 13 x 150. 
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ENDOSPERM FORMATION — Meanwhile, 
in the embryo sac, the polar nuclei remain 
appressed throughout the mature gameto- 
phyte stage. They fuse suddenly, some 
time after pollination. The resulting 
fusion nucleus is large, with four or five 
nucleoli, whereas the polars each had two 
or three nucleoli. The fusion nucleus has 
seldom been observed — it begins to 
divide almost immediately. The first two 
or four endosperm nuclei thus formed are 
large ( Fig. 12), but successive nuclei are 
much smaller, and are embedded in dense 
cytoplasm ( Fig. 10). Free nuclear endo- 
sperm is formed by simultaneous divisions 
until, after two hundred nuclei are 
present, wall formation commences from 
the chalazal end. 

POLLEN DEVELOPMENT — In relation to 
the lack of fertilization a study of pollen 
development was made. There were no 
disturbances in meiosis, and only an 
estimated 10 per cent of two-celled pollen 
grains were empty. This increased to 
approximately 25 per cent at the time of 
shedding. The mature pollen grains are 
normally two-celled, division of the genera- 
tive cell usually taking place in the pollen 
tube soon after germination. A few pollen 
grains were seen in which this division had 
taken place. 

The pollen grains germinate readily on 
the stigmas, and on agar slides. Pollen 
tubes are numerous in the stylar canal. 
Usually they contain granular cytoplasm 
and male cells. Occasionally burst pollen 
tubes were found in the stylar canal. Of 
the comparatively few pollen tubes that 
reached the locules, all were without any 
visible contents and without any trace of 
discharged nuclei or cytoplasm. There 
was not a single instance of a pollen tube 
penetrating the micropyle of an ovule nor 
was there ever any sign of a structure 
resembling the tip of a pollen tube or a 
male nucleus. 


Irregularities in Development 


While the foregoing is the normal 
development in Smilacina racemosa, two 
types of irregularities were found, and 
are described briefly below. 

DEGENERATION OF OVULES — All six 
ovules in a flower usually reach the mature 
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gametophyte stage, but only one or two 
become seeds. Since there is no fertiliza- 
tion in this species, the mature gameto- 
phyte stage ends with the fusion of the 
polar nuclei. The fusion nucleus divides 
immediately to form endosperm. But 
endosperm was found only in one to three 
ovules of any flower examined at this 
stage or later. The remaining ovules 
either showed appressed polar nuclei, or 
were more or less degenerated. The 
length of the latter ovules indicated that 
most of them began to degenerate while 
in the mature gametophyte stage. A 
few were larger, equal in size to ovules 
with endosperm, although their contents 
had degenerated. 

Thus it appeared that at least half the 
ovules do not produce endosperm and 
subsequently degenerate, and also that 
some ovules which may have begun to 
form endosperm degenerate later. 

ABSCISSION OF FLOWERS— Many of the 
sections of flowers at the mature gameto- 
phyte stage showed a constriction at the 
base of the ovary where it was round in 
normal flowers. Such ovaries did not 
show an increase in size after endosperm 
formation and the ovary wall later became 
wrinkled. In the ovules the endosperm 
sac did not become large and spherical as 
in normal flowers. The stamens of the 
flowers remained upright instead of spread- 
ing when mature. The flowers affected 
were found to be those distal on the 
panicle. Their growth ceased about the 
time of pollination, and they abscissed 
three weeks later. The sudden cessation 
of growth in the distal flowers suggests 
that their nutrient supply is decreased 
at the time of pollination. Thus flower 
position, as related to an accessible food 
supply, appears to be one of the leading 
causes of early fruit drop in this species. 


Discussion 


Two interpretations of the origin of the 
archesporial cell have been given. 
Maheshwari (1950) states that it is of 
hypodermal origin, situated directly below 
the nucellar epidermis. In some plants, 
the archesporial cell has been reported as 
originating under two cell layers; these 
reports are regarded by Maheshwari as 
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misinterpretations. In Smilacina racemosa, 
the cell interpreted by the author as the 
archesporial cell is situated below two 
layers, epidermis and hypodermis. No 
evidence has been found of a previous 
division into megaspore mother cell and 
parietal cell. 

Apart from the description of the 
archesporial cell, the results of the present 
study concur with those of McAllister 
(1913) up to the mature gametophyte 
stage. Beyond that, it is easy to under- 
stand why McAllister was unable to give 
a clear record. The embryo sac is deep 
at the micropylar end, and the cells in it 
overlap one another. At times the only 
method of distinguishing the egg from an 
enlarged nucellar cell is by the thin cell 
wall which, in the nucellar, is always 
attached to other nucellar cells. In 
contrast, the egg cell does not touch the 
nucellus. The proembryos were ascer- 
tained as nucellar by the same means. 

McAllister was hampered by the belief 
that wall formation came some time after 
the second mitosis. The present study, 
however, shows that it follows immediate- 
ly after the division. McAllister noted 
that the embryos frequently had a uni- 
cellular origin, but occasionally seemed to 
come from a multicellular mass. To this 
may now be added the observation that 
those of multicellular origin appear after 
endosperm formation, the others before 
polar fusion. 

McAllister concluded, from bagging 
experiments, that “ although an embryo 
is probably rarely developed from an 
egg, still pollination is necessary to initiate 
the adventive budding of the nucellar 
cells ”. He did not examine the bagged 
flowers microscopically, however, and, as 
the present study shows, embryos may be 
initiated before pollination takes place. 
Endosperm formation has not been found 
to occur before pollination. 

Since the pollen tubes do not penetrate 
the ovules, endosperm formation ‘is. auto- 
nomous. This, according to Gustafsson 
(1946, 1947a, 1947b) and Maheshwari 
(1950), is a very rare phenomenon. The 
endosperm nucleus usually is fertilized 
even when the egg is not. McAllister did 
not consider the possibility of double 
fertilization in Smilacina racemosa, as he 


referred to “the fusion of the polar 
nuclei and the first division of the result- 
ing endosperm nucleus’ (McAllister, 
19132). 

The abnormal appearance of such pollen 
tubes as approach the ovules suggests 
the possibility of a sterility factor operat- 
ing in conjuction with the apomictic 
habit. It seems significant also that less 
than one-half of the ovules accomplish 
polar fusion. The fact that endosperm 
formation does not take place before 
pollination raises the question of relation- 
ship between pollination and fusion of the 
polar nuclei. It will be remembered that 
Van Overbeek, Conklin and Blakeslee 
(1941) obtained pseudoembryos in par- 
thenocarpic Datura fruits which, they 
considered, needed the “magic bath ” 
influence of a fertilized embryo sac to 
develop like true embryos. In Hosta, 
which normally requires fertilization to 
produce adventive embryos, Fagerlind 
( 1946 ) obtained adventive embryos with- 
out pollination by using growth subs- 
tances. However, no endosperm was 
formed in the seeds, and he reported that 
the adventive embryos were unable to 
complete their development. Since ferti- 
lization does not take place in Smilacina 
racemosa, the conjecture arises whether 
the application of growth substances as 
a substitute for pollination might result 
in parthenocarpic fruits with viable 
seeds. Such experimental work might 
uncover valuable information about 
the little known nature of adventive em- 
bryony. 

In some plants such as Citrus, adventive 
embryony has been connected with hybri- 
dity. An example described by Gustafs- 
son (1947a) is Nigritella. N. rubra and 
N. nigra are polymorphic species, repro- 
ducing sexually and forming hybrids in 
certain geographic areas. In other regions 
they reproduce by adventive embryony. 
N. nigra, for instance, reproduces sexually 
and hybridizes with N. rubra in the Alps, 
while in Scandinavia N. migra is apomictic 
and uniform. 

Smilacina racemosa is only known to 
reproduce apomictically, and thus one 
might expect it to be a uniform species. 
However, the latest taxonomic description 
records it as “ very variable in the size, 
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shape and surface texture of all its parts ” 
(Galway, 1945). This description in- 
cludes one variety, S. racemosa var. 
amplexicaulis (Nutt.) S. Wats., which 
was treated formerly as a separate species. 
The distribution of the species (Fig. 1 
in Galway, 1945) is from the Atlantic 
coast to the Rockies, while the variety is 
found on the Pacific coast. Where their 
ranges overlap, intergrading forms are 
found. This introduces the question 
whether S. racemosa might reproduce 
sexually in the ‘intergrading ” area of 
the Rockies. McAllister’s material, from 
Wisconsin, and that of the present study, 
from Quebec province, were east of the 
region where sexual reproduction might 
be sought. 

Thus the apomictic habit in this species 
excites questions which are outside the 
realm of morphology. Isa pollen sterility 
factor present? Is there a relation 
between pollination and endosperm forma- 
tion ? Is apomixis connected with hybri- 
dity in this species ? How can it repro- 
duce solely by apomixis and yet be a 
morphologically variable species ? 


Summary 


This study is a reinvestigation of embryo 
sac development in Smilacina racemosa 
(L) Desf. The archesporial cell is reported 
for the first time. Bisporic development 
follows the description of McAllister 
(1913) from the megaspore mother cell 
to the eight-nucleate stage. Contrary to 
his report, an egg apparatus is always 
formed, and can always be distinguished 
from enlarged nucellar cells. Pollen dev- 
elopment is normal, and pollination takes 
place. There is no evidence of fertiliza- 
tion. The egg apparatus degenerates. 
Embryos of unicellular or multicellular 
origin arise only from the nucellus, and 
polyembryony is frequent. Endosperm 
formation is autonomous. Two types of 
irregularity in development are also 
reported, namely degeneration of ovules 
and early abscission of some flowers. 
Various problems arising from the apo- 
mictic habit of this species are pointed out. 

The author is greatly indebted to 
Professor Muriel V. Roscoe who directed 
the research and offered invaluable advice. 


Literature Cited 


ENGLER, A. & PRANTL, K. 1930. Naturlichen 
Pflanzenfamilien, 2nd ed. Leipzig. Bd. 15a. 
K. Krause, Liliaceae, pp. 366-372. 

FAGERLIND, F. 1946. Hormonale Substanzen 
als Ursache der Frucht-und Embryobildung 
bei pseudogamen Hosta — biotypen. 
Svensk. Bot. Tidskr. 40: 230-234. 

GALWAY, DESMA H. 1945. The North American 
species of Smilacina. Amer. Midland Nat. 


33: 644-666. ; 
GUSTAFSSON, A. 1946. Apomixis in higher 
plants. I. The mechanism of apomixis. 
Lunds Univ. Arsskr. N.F. Avd. II, 42 
(3): 1-67. 
— 1947a. Apomixis in higher plants. II. 
The causal agent of apomixis. Lunds Univ. 


Arsskr. N.F. Avd. II, 43 (2): 
— 1947b. Apomixis 
Biotype and 
Univ. Arsskr. 
183-370. 

MAHESHWARI, P. 1950. ‘‘ An Introduction to 
the Embryology of Angiosperms.’’ McGraw- 
Hill Book Co., Inc., New York & London. 

MCALLISTER, F. 1913. On the cytology and 
embryology of Smilacina racemosa. Trans. 
Wis. Acad. Sci. 17: 599-660. 

VAN OVERBEEK, J., CONKLIN, M.E. & BLAKES- 
LEE, A. F. 1941. Chemical stimulation of 
ovule development and its possible relation 
to parthenogenesis. Amer. J. Bot. 28: 
647-656. 


71-179. 

in higher plants. III. 
species formation. Lunds 
N.P. “Avd. II, 24322128 


ON CRTENNDERBEATIONSHIPSSOR THEICYCADS 


CHESTER A. ARNOLD 
University of Michigan, Ann Arbor, Mich., U.S.A. 


The cycads compose a unique group of 
naked-seeded plants that has held the 
attention of plant morphologists for more 
than a century. Several reasons exist 
for such sustained interest in them. 
Anatomically and in leaf form they are 
closest of all living seed plants to ferns. 
They have a long fossil record that con- 
nects them with the Palaeozoic pterido- 
sperms, which they resemble in several 
respects. Then the plants themselves are 
objects of considerable interest. Some 
species of almost all of the genera are 
grown as ornamentals. Being naturally 
adapted to warm climates, they thrive in 
temperate regions only in greenhouses. 
Cultivated cycads are often confused with 
palms. 

Of a group that has been in existence 
at least 200 million years, nine genera 
remain. These are Bowenta, Cycas, Cerato- 
zamia, Dioon, Encephalartos, Macrozamia, 
Microcycas, Stangeria, and Zamia. All 
have upright, generally unbranched, stems 
that are subterranean insome forms. With 
few exceptions they grow slowly. Other 
general characteristics are: a terminal 
crown of leathery frondlike leaves, apical 
or subapical male and female strobili on 
separate plants, large pith and cortex, and 
motile male gametes. Although there is 
considerable difference in size of adult 
plants between genera and sometimes 
between species of a genus, none are 


herbaceous or vinelike. However, one 
species of Zamia is epiphytic. 
The cycads have been extensively 


studied, and the body of literature per- 
taining to them is large. Modern in- 
vestigations of cycads may be said to 
have begun with an account by Brongniart 
(1829), in which the trunk of Cycas 
revoluta was shown not to be palmlike as 
previously supposed. Brongniart saw in 
it a greater resemblance to a dicot trunk, 
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but noted that growth rings were absent. 
Other early contributions to cycadean 
anatomy were by von Mohl (1832) and 
Mettenius ( 1861). Mettenius worked out 
the course and structure of the leaf traces, 
and also observed the pith bundles which 
he correctly interpreted as being con- 
nected with the vascular system of the 
peduncle. Then between 1860 and 1900 
cycads received the attention of several 
of the great figures in botanical research 
such as Strasburger, Warming, Goebel 
and Treub. Also during this period Scott, 
Solms-Laubach, Nathorst, Williamson 
and other paleobotanists became active, 
and the contributions of these men served 
to emphasize the antiquity of the cycads 
and to lay a substantial foundation for 
later studies. 

Much of our knowledge of the vegetative 
structure of cycads is due to Worsdell who 
in 1896 published a detailed account of 
the anatomy of Zamia. This was fol- 
lowed within the next ten years by des- 
criptions of Encephalartos ( Worsdell, 
1900a ) Bowenia ( Worsdell, 1900b) and 
other genera ( Worsdell, 1901 ). Worsdell 
speculated at length upon the question of 
cycad origin, and concluded that the 
group evolved from, or was closely con- 
nected with, the Palaeozoic medullosan 
pteridosperms ( Worsdell, 1896, 1906). 
Another important contributor to the 
evolutionary aspect of cycadean anatomy 
was Scott (1897) who gave a detailed 
account of the structure of cycadean 
peduncles. He saw for the first time the 
presence of centripetal xylem in the axial 
organ of a cycad, and found that this 
tissue has its greatest development in 
Stangeria paradoxa. This was an import- 
ant discovery in connection with the fern- 
like aspect of the fronds of this species. 

The greater part of our knowledge of 
the reproductive morphology of cycads 
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was assembled by the late Professor 
Charles J. Chamberlain and his students 
at the University of Chicago. Professor 
Chamberlain travelled widely during a 
period of 15 years and observed all of the 
nine genera and about half of the 85 species 
in their natural habitats. As a result of 
his extensive observations of cycads, he 
became the leading authority on them. 
Although the contributions from his 
laboratory were primarily concerned with 
reproductive morphology and life histories, 
numerous included excerpts from his 
voluminous field notes furnish a wealth 
of information on external form and habit, 
probably more than has ever been com- 
piled by any other author. His publica- 
tions comprise a long list of papers in the 
Botanical Gazette and other periodicals 
and three books, Morphology of Gymno- 
sperms (Coulter & Chamberlain, 1917), 
The Living Cycads (Chamberlain, 1919), 
and Gymnosperms: Structure and Evolution 
(Chamberlain, 1935). One of his more 
purely anatomical contributions concerned 
the study of the growth rings in Dioon 
spinulosum and D. edule (Chamberlain, 
1911). Chamberlain concluded that they 
are not annual accretions. In D. spinu- 
losum they evidently correspond to periods 
of activity concerned with production of 
cones and new leaf crowns. Other in- 
vestigators of cycadean anatomy have 
been South and Compton (1908) who des- 
cribed the structure of Dioon edule, Miller 
(1919 ) who studied the polycyclic pheno- 
menon in Cycas media, Chrysler (1926) 
who described the vascular tissues of 
Microcycas calocoma, and Marsh (1914) 
who gave a brief account of Stangeria 
paradoxa. Lamb (1923) and Poole (1923) 
have examined cycadean foliage. Lamb 
devised a key to genera based upon leaf 
characteristics, and Poole compared the 
cortical parenchyma of the petioles with 
that in pteridosperms. Poole concluded 
that leaf segments with numerous veins 
are more primitive than those with a 
single vein. Cycas, usually regarded the 
most primitive genus, is not primitive 
with respect to leaf characteristics. 
Some rather recent contributors on 
reproductive morphology of cycads have 
been Baird (1939), De Silva and Tam- 
biah (1952), and Swamy (1948). La 
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Rue (1948), while making regenerative 
studies of a variety of plant parts, suc- 
ceeded in maintaining female gameto- 
phytes of Zamia floridana in culture. A 
small per cent of them produced small 
roots and buds that developed into shoots 
that bore leaves resembling minature 
normal seedling leaves. Shapiro (1951) 
found stomata on the nucellar epidermis 
in the same species. 

Schuster (1931) has published a com- 
prehensive account, including a lengthy 
bibliography, of the systematic relation- 
ships, geographical distribution, and geo- 
logic history of cycads. 

Literature pertaining to fossil Cyca- 
dales is considerable. Outstanding con- 
bributors have been Nathorst, Florin, 
Kräusel and Harris. 


Distribution 


The distributional pattern of the pre- 
sent-day cycads was derived from a much 
larger cycad flora that extended widely 
over the earth throughout much of the 
Mesozoic era. This flora most certainly 
contained many more genera than exist 
at present. In rocks that range in age 
from late Triassic ( Rhaetic) to early 
Cretaceous, cyad remains occur, often 
abundantly, in Siberia, Manchuria, Ore- 
gon, Alaska, several islands in the Arctic 
Ocean, Greenland, Sweden, England, 
central Europe, India, Australia and the 
Antarctic Continent. Maximum distri- 
bution probably came about during the 
Jurassic but they were still widely dis- 
tributed during the early Tertiary. After. 
the group had shrunk to its present size, 
five genera were left in the Old World 
and four in the New. Significantly, no 
one genus remained in both hemispheres. 
It is doubtful whether any cycads have 
migrated far within recent times ( except 
with human help ) from the places where 
they became established during the Ter- 
tiary period. Each major climatic change 
and orogenic event since the early Ter- 
tiary has reduced their range. 

The only continents wholly devoid of 
cycads at present are Europe and Antarc- 


tica. They are not well represented in 
Asia. Only Cycas is found there, It 
spreads from Japan southward and 
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south-westward among the Pacific islands 
and along the eastern and southern shores 
of India. One species occurs in Mada- 
gascar. Continental Africa has only two 
genera, Encephalartos and Stangeria, and 
these are restricted to the southern part. 
The two remaining Old World genera, 
Bowenia and Macrozamia, are strictly 
Australian. Cycas and Zamia, the largest 
genera, are the only ones that extend 
beyond the limits of any one continent. 
Zamia is the only genus in the United 
States and in South America. The mono- 
typic Microcycas is confined to a small 
area in Cuba, and the other two New 
World genera, Dioon and Ceratozamia, are 
Mexican. Mexico and Queensland are 
thus the only countries that support more 
than two genera, and each has one of the 
largest and most widely distributed genera, 
Cycas and Zamia. 

If the present distribution of genera 
were to be the basis of judgement, one 
might postulate that Mexico and Queens- 
land have served as the main centres of 
cycad migration. Not enough is known 
of the individual genera to enable us to 
outline the history of each, but it is un- 
likely that such isolated types as Micro- 
cycas in Cuba and Encephalartos and 
Stangeria in southern Africa owe their 
present occurrence to migration from 
Mexico and Queensland. It is much more 
likely that these genera evolved at or 
near the places where they now occur, 
and they are leftovers of a former larger 
more extensive cycadophytic population. 
It may be concluded from the fossil 
record that the initial cycad migration 
that was ultimately responsible for the 
present-day distribution took place as 
long ago at least as the Triassic period. 
If this is so, cycads enjoyed worldwide 
distribution by the late Triassic, and re- 
mained widely dispersed throughout most 
of the Mesozoic era. 


Interrelations Within the. 
Cycadaceae 


Morphological studies indicate that the 
immediate ancestors of all of the genera 
of living cycads are extinct. No living 
genus can be assumed to be the fore- 
runner of any other. Each of the nine 
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genera represents the terminal branchlet 
of a phylogenetic tree and all connecting 
portions have disppeared. Not only the 
connections but many of the branches 
have dropped out during the long interval 
between the time when the group was 
at its zenith ( approximately mid- Jurassic 
time ) and the present day. Since all of 
the modern cycads are separated from 
each other by missing links, it follows that 
interrelationships are difficult to outline. 
Chamberlain (1920 ) says that the cycads 
have given rise to no other plants, and that 
they will probably be extinct in the next 
geological period. 

In spite of the independent status of 
each genus, anatomical and morphological 
studies strongly emphasize the unity of 
the group above the generic level. But 
at the same time it is impossible to arrange 
the nine genera in a Satisfactory series 
on the basis of increasing complexity 
when all characters of the plants are taken 
into consideration. Cycas has been re- 
garded as the most primitive genus 
because its megasporophylls are not 
arranged into well-organized strobili, the 
frondlike organs simply standing in a 
loose cluster around the apex of the stem. 
But nothing especially primitive is re- 
vealed by the staminate organs which 
form compact cones. Furthermore, the 
tracheids in the secondary wood are 
pitted, and the single-veined pinnules 
reveal advancement. In Zamia, allegedly 
the most advanced genus, Chrysler ( 1937 ) 
has observed that those species with 
tuberous stems have scalariform tracheids, 
and the higher type of pitting occurs only 
in those few species in which the stem is a 
small trunk. So the tuberous trunk with 
its scalariform tracheids represents an 
arrested condition. The plants, therefore, 
are persistent juveniles (at least as far 
as this one condition is concerned ) that 
literally have never grown up. Similar 
combinations of primitive and advanced 
characters are displayed in Dioon and 
Encephalartos. The ovulate sporophyll 
of the former is more leaflike (and, 
therefore, primitive) but Encephalartos 
has a more primitive type of embryogeny. 
In Microcycas the male gametophyte 
is said to be the most primitive in 
seed plants, but the female gameto- 
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phyte is the most advanced of all of the 
cycads. 

If one were to look to vegetative 
instead of reproductive characters for 
criteria of primitiveness among cycads, 
Stangeria would probably go to the base 
of the series. Because of the fernlike 
aspect ofthe foliage, it was first classified 
with the ferns, its cycad nature not being 
realized until the cones were observed. 
Harris (1932) says that Stangerta has 
the least specialized stomata, and Thomas 
and Bancroft (1913) remark that it is 
distinct from all other cycads in that the 
epidermal cells of the leaf have undulate 
lateral walls like those of ferns. Then 
Scott (1897) had previously noted that 
the greatest development of centripetal 
xylem in cycads was in the peduncle of 
Stangeria. Thus a genus that appears 
quite advanced in some respects may be 
primitive in others. In a family as old 
and widely distributed as the Cycadaceae 
this is a situation that is readily under- 
standable. 


Classification 


The Cycadaceae is commonly regarded 
as composing the order Cycadales under 
the class Gymnospermae. This order, 
however, does not embrace the Cycadeoi- 
daceae and the Williamsoniaceae, two 
great families of Mesozoic plants that are 
habitually but inappropriately referred to 
as “fossil cycads”. These Mesozoic 
members are better known as the Bennet- 
titales, although the present author insists 
upon the use of Wieland’s term Cycadeoi- 
dales. The reason for this preference is 
that forms assigned to Bennettites, the 
name from which Bennettitales was 
derived, are not generically different 
from specimens of Cycadeoidea, the older 
name. Bennettites is thus a synonym, 
and it seems desirable whenever possible 
to base names of higher groups on genera 
that have recognized priority. The com- 
plete classification of the genus Cycadeoi- 
dea becomes family Cycadeoidaceae, order 
Cycadeoidales. 

Because of the need of an inclusive 
designation for all cycad-like plants, 
Nathorst ( 1902 ) used the name “‘ Cycado- 
phyten”. It was immediately trans- 
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lated into “ Cycadophyta”” which has 
been widely used ever since as a super- 
ordinal name. Different authors have 
interpreted it in slightly different ways, 
some including the pteridosperms in it. 
Generally, however, it is limited to true 
cycads, living and extinct, and the 
cycadeoids ( the erstwhile Bennettitales ). 
It has been a very convenient designation 
for Mesozoic foliage which cannot be 
assigned with certainty to either order. 

A matter that bears upon the advisabi- 
lity of formally adopting “ Cycadophyta ” 
as a group name (taxon ) is the question 
of the degree of relationship between the 
Cycadales and Cycadeoidales. The dif- 
ferences in reproductive structures and 
the distinctive epidermal features that 
have been emphasized by Thomas and 
Bancroft, Florin, and Harris all cast 
grave doubt on the advisability of re- 
garding the two orders as closely related. 
If they represent different divisions 
( phyla ) of the plant kingdom, the group 
Cycadophyta would be an unnatural 
assemblage. It is a matter that cannot be 
settled at present, so the name is used in 
this account in essentially the way it was 
originally proposed. 


Fossil Cycadophytic Foliage 


The Mesozoic rocks abound in remains 
of foliage of both groups. Leaves of 
fossil cycads and cycadeoids cannot be 
separated on gross morphological fea- 
tures alone, the problem being similar in 
scope to that of sorting out fern and 
pteridosperm foliage in the Palaeozoic. 
Fronds, regardless of the group to which 
they belong, that bear at least a super- 
ficial resemblance to modern genera, have 
received such names as Cycadites, Dio- 
onites, and Zamites. Others definitely 
cycadophytic but less like living forms are 
Anomozamites, Nilssonia, Pterophyllum, 
Ptilophyllum and Taeniopteris. 

As the result of exposure to arid and 
semi-arid climates for 200 million or more 
years, the foliage of cycadophytes has 
developed a highly characteristic leathery 
texture produced by heavy cutinization 
of the epidermis and considerable support- 
ing tissue within the lamina and around 
the veins. Because of the ability of such 
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tissues to resist decay, the fossil com- 
pressed foliage often retains part of the 
cutinized epidermis which can be sepa- 
rated from the rock and studied micro- 
scopically. Some of the well-known 
Mesozoic plant localities, as those at 
Cayton Bay and Roseberry Topping in 
eastern Yorkshire, in eastern Greenland, 
and in southern Sweden, have yielded 
abundant material of this kind. 

One of the most common and widely 
distributed Mesozoic cycadean leaf types 
is Nilssonia. It is a slender leaf as much 
as 60 cm. long and 10 cm. wide. The 
lamina is supported on a strong midrib 
from which simple veins pass obliquely 
or at right-angles to the margin. The 
veins are rarely forked. The lamina is 
entire in some species, but in others it is 
dissected into pinnule-like segments. Va- 
riation within a species is often con- 
siderable and determinations are fre- 
quently difficult. Stomatal characters in- 
dicate cycadean rather than cycadeoidean 
affinities. The genus is practically world- 
wide in distribution, and ranges from the 
Triassic to the Cretaceous. 

The genus Pterophyllum is often con- 
fused with Nilssonia but the lamina 
spreads laterally from opposite sides of 
the rachis, whereas in Nilssonia it spreads 
from the upper surface. Ctenis, another 
Mesozoic frond believed to possess cyca- 
dean affinities on the basis of stomatal 
characters, is distinguished by occasional 
oblique cross-connections between the 
veins. Some species are very large, and 
‚individual fronds 2 m. long have been 
reported. 

Extensive studies of epidermal struc- 
tures of cycadophytes have been made by 
Nathorst (1902, 1909), Thomas and 
Bancroft ( 1913 ), Thomas ( 1930), Florin 
(1931, 1933 ), and Harris ( 1932). These 
studies were made primarily for the 
purpose of gaining a better understanding 
of the relations between living and fossil 
forms. Nathorst was the modern pioneer 
in the investigation of cutinized material. 
He developed a technique whereby the 
pattern of the epidermal cells could 
sometimes be revealed by means of col- 
lodion films. Thomas and Bancroft 
studied the epidermal characteristics of 
recent cycads and compared them with 
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several Mesozoic forms. They divided 
the fossil leaf types into two groups, 
Nilssoniales and Bennettitales, the former 
agreeing in general structural character- 
istics with living cycads, and the other 
with the cycadeoids. 

Florin (1931) extended his studies to 
the whole gymnosperm complex and de- 
veloped the use of stomatal character- 
istics in classification. He recognized two 
types. of stomatal apparatuses, the hap- 
locheilic (simple lipped) and syndeto- 
cheilic (compound lipped). The two 
differ in the mode of origin of the guard 
and subsidiary cells. In the haplocheilic 
type the stomatal mother cell divides 
once and the two daughter cells become 
the guard cells. The subsidiary cells are 
those that surround the guard cell pair 
and they often form a fairly definite 
circle around it, as shown by Zamia 
muricata ( Fig. 1-3). Florin calls these 
the perigene subsidiary cells. Sometimes 
the circle is more than one cell in width 
(amphicyclic ) in which case the outer 
cells are designated the perigene encircling 
cells. Frequently, especially in conifers, 
the number of subsidiary cells is four, two 
lateral and two polar. Such an arrange- 
ment may superficially resemble the 
syndetocheilic type, but there is a dif- 
ference in origin. According to Florin, 
the haplocheilic type is the common one 
and occurs in the pteridosperms, Cyca- 
dales, Ginkgoales, Cordaitales, Coniferales, 
and Ephedra. 

During genesis of the syndetocheilic 
type of stomatal apparatus, the mother 
cell divides twice to form two lateral 
mesogene subsidiary cells. Then a third 
division produces the guard cells ( Fig. 8 ). 
In some plants the mesogene subsidiary 
cells divide further and form mesogene 
lateral encircling cells, to follow Florin’s 
terminology. (These cells do not really 
encircle the stomatal apparatus, as the 
name implies, but lie entirely at the sides. 
Thus the guard cells are flanked dorsally 
by one or two derived cells of approximate- 
ly equal length, and shaped so that they 
fit neatly against each other (Fig. 8). 
However, they may differ slightly in size. 
Since the subsidiary cells (the cells that 
flank the guard cell pair) originate dif- 
ferently in the two types of stomatal 
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apparatuses, they probably should bear 
different designations, but so far perigene 
and mesogene are the only distinguishing 
epithets assigned to them. No polar 
cells are formed by division of the stoma 
mother cell. 

The syndetocheilic type is exhibited by 
the Bennettitales, Welwitschia, Gnetum, 
and some angiosperms. Among the cyca- 
dophytes, the true cycads and the fossil 
Nilssoniales have the haplocheilic type of 
stomatal apparatus, and the cycadeoids 
the other. In fossil material with pre- 
served cuticles there is now’ a fairly 
satisfactory means of distinguishing the 
two groups. 

Harris shows that the epidermal cells of 
cycads vary considerably in shape but the 
stomata have characteristics common to 
all. One is the haplocheilic condition. 
The most conspicuous variation is the 
depth at which the stomata lie below the 
surface. Thus in Stangeria paradoxa, 
which has the most fernlike foliage of all 
cycads, the subsidiary cells project only 
slightly above the guard cells ( Fig. 4), 
but in Zamia muricata the guard cells are 
bent so that the ends are higher than the 
median parts that flank the stomatal 
aperture. In this way a shallow pit is 
formed (Figs. 2, 3). In Cycas revoluta 
the encircling cells lie above the subsidiary 
cells and overarch the whole stomatal 
apparatus, leaving only a relatively small 
hatchway into a large epistomal chamber 
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(Fig. 5). In Dioon edule as many as four 
encircling cells with lignitized walls rise 
above the subsidiary cells in a vertical 
wall ( Fig. 6). 

In the Cycadales the cuticle covers the 
whole outer surface of the epidermis except 
the actual stomatal opening. It lines the 
pit above the stoma ( where one exists ) 
and spreads over the exposed surface of 
the guard cells and thins out in the open- 
ing. It is generally thinner over the 
guard cells than elsewhere ( Fig. 6). 

The upper wall of the guard cell in the 
living cycads is reinforced with a peculiar 
ligneous lamella that becomes plainly 
visible when treated with suitable reagents 
(Fig. 4). Then in all genera except 
Stangeria there are ventral and polar 
lamellae as well. Although these ligni- 
tized structure are conspicuous in living 
cycads, Thomas and Bancroft claim that 
they are seldom visible in fossil foliage. 

In the cycadeoidean ( Bennettitalean ) 
stoma, as Harris describes it, the guard 
cells have the conventional gymnosper- ~ 
mous shape. In addition to the syndeto- 
cheilic arrangement it differs from the 
typical cycadean stoma in that the cuticle 
covering the guard cell extends back 
under that portion covered by the sub- 
sidiary cell ( Figs. 7, 9). It is thickest 
where the cuticle of the subsidiary cell 
joins it. A remarkable fact is that when 
seen from above, this cuticular layer 
resembles in shape the ligneous lamella 
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FiGs. 1-3 — Zamia muricata. 
bottom of stomatal pit; s=subsidiary cells. 


thick cuticle over surface of subsidiary cells and thinner cuticle over guard cells. 
wise section showing upturned ends of guard cells (g). ; 
Cross section of stomatal apparatus showing stoma only 


Fic. 4 — Siangeria paradoxa. 


Fig. 1 — Stomatal apparatus in surface view. g=guard cells at 
Fig. 2, cross-section of stomatal apparatus showing 


Fig. 3, Length- 
All after Harris. 


slightly depressed and ligneous thickenings (cross lined) in upper wall of guard cells (g). After 


Harris. 

Fic. 5 —Cycas revoluta. 
arching of encircling cells. 

Fic. 6 — Dioon edule. 
Florin. 

Fic. 7 — Ptevophyllum vosenkrantzi. 


After Harris. 


ratus with cuticle extending into aperture and over the dorsal walls of the guard cells. 


Deep stomatal pit produced by superposed encircling cells. 


Stomatal apparatus with large epistoma] chamber formed by over- 


After 


Typical cycadeoidean ( Bennettitalean ) stomatal appa- 


l=line of 


juncture of guard cell with upper wall of subsidiary cell (shown in surface view in Fig. 8 Ne 


After Harris. : 
Fic. 8 — Pterophyllum vosenkrantzi. 


Stomatal apparatus 


in surface view, showing the 


two lateral subsidiary cells (s) which are, in this instance, unequal in size, and the cuticle patches 


( stippled ). 
that of subsidiary cell (see Fig. 7). 
Fic. 9 — Pulophyllum pecten. 


cells. After Harris. 


I=thickest portion of cuticle where that covering dorsal wall of guard cell joins 
After Harris. x 
Epistomal chamber formed by overarching of subsidiary 
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of the guard cell of a true cycad. Evi- 
dently the chemical composition is dif- 
ferent but the appearance is very similar. 
In both groups these structures are often 
conspicuous and have various shapes, 
often making one think of a pair of 
ancient battle axes with their blades 
away from each other ( Fig. 8). 

Seen in surface view the cycadophytic 
stomatal apparatus often presents a con- 
fusing picture, due to the outlines of the 
subsidiary and encircling cells that rise 
above the guard cells. In living cycads 
the structures can be analyzed by means 
of sections and microchemical tests ( Har- 
ris, 1932) but these techniques have not 
been successfully applied to fossils where 
little or nothing remains of the guard 
cells except the surface cuticles. Ne- 
vertheless, differences of fundamental 
taxononic importance are visible, and 
recent work on stomatal morphology has 
contributed much toward a better un- 
derstanding of relationships among cyca- 
dophytes. 


Origin of the Cycadales 


The cycads are believed to have arisen 
from Palaeozoic pteridosperms. Some of 
the features shown by cycads that in- 
dicate such an origin are: the frondlike 
leaves, the large leaf stalks with an ample 
supply of supporting tissue, the thick 
persistent cortex, the pronounced ten- 
dency to undergo anomalous development, 
the loosely constructed secondary wood 
with numerous large rays, the large pith 
that sometimes contains mucilage ducts 
and a bundle system, the presence of 
centripetal xylem in the cone stalks, the 
motile male gametes, and the structure 
of the ovules. However, the initial 
divergence from the ancestral line took 
place so long ago that the cycads have had 
ample time to develop some clearly cut 
characteristics of their own. Highly 
specialized staminate strobili are pro- 
duced by all living species, and all genera 
except Cycas bear their seeds in compact 
cones. No pteridosperm that we know 
anything about had strobiloid inflores- 
cences of any kind, either pollen or seed- 
bearing. Their seeds were solitary or 
irregularly grouped on unmodified or 
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slightly modified foliage. The trunk of a 
modern cycad has lost most of its primary 
wood. So inconspicuous is this tissue 
that early investigators failed to see it. 
Pteridosperm stems have prominent pri- 
mary wood structures and in some 
( Heterangium, for example) there is a 
mesarch protostele definitely on the fern 
level. Another difference relates to habit. 
Petrified stems of both the lyginopterid 
and medullosan groups have rather long 
internodes with equally and widely spaced 
fronds. Nothing exactly resembling the 
terminal cluster of cycad fronds has ever 
been observed in a pteridosperm. This 
may be a difference resulting from varying 
habitats. All known pteridosperms pro- 
bably occupied swamps whereas cycads 
moved out into semi-arid situations many 
millions of years ago. 

It is perfectly clear that the cycads are 
in no sense merely modern pteridosperms, 
although there is plenty of evidence for 
regarding both as representing one main 
developmental sequence. The two con- 
stitute a chronological and evolutionary 
line that should be regarded as a major 
plant category. 

It is much more difficult to decide 
which pteridosperms were ancestral to 
cycads than it is to merely assemble evi- 
dence of pteridospermous origin. How- 
ever, the unity of the cycad group in the 
present era strongly points to monophyly. 
The two pteridosperm groups that come 
in for consideration are the lyginopterids 
and the medullosans, which tentatively 
rate as families. 

The medullosans had stems that in 
cross-section showed several separate 
steles. Each stele had its own complete 
layer of secondary wood which, strangely, 
was usually thickest on the side toward 
the centre of the stem. Numerous, small, 
collateral, exarch vascular bundles en- 
tered the petiole of each leaf. The lygin- 
opterids, on the other hand, were mono- 
stelic with a single or double strand 
constituting the trace supply. In Lyginop- 
teris oldhamia five or more mesarch xylem 
strands surrounded the pith, and external 
to them was a layer of secondary wood. 
Large rays that joined the pith between 
the bundles tended to break up the 
continuity of the secondary wood into 
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discrete segments, each segment being 
external to a primary strand. Cambium 
layers that laid down xylem and phloem 
in inverse positions often formed in the 
outer part of the pith, and sometimes these 
cambia joined the regular cambium 
through the large rays. Thus a situation 
suggestive of polystely sometimes re- 
sulted. Scott (1909), however, did not 
interpret this as indicating origin from a 
polystelic ancestor. 

The theory of medullosan origin of 
cycads was formulated and developed by 
Worsdell ( 1906) and the other by Scott 
(1909). The two have been reviewed in 
detail by Bancroft (1914). They con- 
stitute interesting examples of how one 
set of facts can be used to support oppo- 
site ideas. 

Worsdell announced his theory after 
making detailed analyses of the stem 
anatomy of several genera of cycads. He 
utilized two sets of phenomena as evi- 
dence, (a) the structure of the cotyledo- 
nary node, and (b) the arrangement of the 
bundles in the cone stalk. 

The cotyledonary node of several cy- 
cads contains concentric stele-like bundles 
arranged around a larger central one. 
Worsdell believed these to be remnants 
of the type of arrangement in Medullosa 
porosa. Then he interpreted the bundle 
complex of the cone stalk of Stangeria 
paradoxa as essentially a medullosan 
polystele from which portions of the con- 
centric strands had disappeared. He 
postulated that the Palaeozoic ancestors 
of the cycads had rings or layers of con- 
centric strands, as displayed by the medul- 
losans, and with the passage of time the 
cambium along the inner portions became 
less active, which resulted in vascular 
tissues in a cylinder. The normal vas- 
cular system of cycads consists of one- 
sided remnants of a number of steles, 
and the anomalous structure in some 
cycads is the remains of concentric cylin- 
ders normal in the ancestral type, accord- 
ing to Worsdell’s theory. The end result 
of the evolutionary process was the type 
of stem now occurring in Cycas, Encephal- 
artos and Macrozamia. 

Worsdell believed that the monostelic 
stem of Lyginopteris developed from a 
medullosan stem in the same manner. 
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He considered each primary xylem group 
with its component of secondary wood as 
a one-sided remnant of an entire stele or 
concentric bundle and the homologue of 
each bundle in the Stangeria peduncle. In 
both Stangeria and Lyginopteris the an- 
cestral form had a stele like that of a 
medullosan stem. His arguments for this 
were based upon the sinuous outline of the 
secondary wood of Lyginofteris and the 
formation of concentric strands by the 
extension of the cambium through the 
large rays. He, therefore, held that 
stems of both Lyginofteris and the cycads 
came from medullosan ancestors. 

Scott, who developed the other theory, 
interpreted the medullated monostele of 
Lyginopteris as having evolved from a 
protostele, and the centripetally placed 
metaxylem as being the last remnant of 
that which once occupied the region now 
filled with pith. He could see no simi- 
larity between the single relatively simple 
vascular cylinder of a cycad and the 
complex polystelic situation in the medul- 
losans. Then, concerning similarities in 
addition to the simple steles of the two 
forms, he pointed out the resemblance 
between the mesarch primary strands in 
Lyginopteris oldhamia and cycad petiolar 
bundles, and pointed out the fact that 
before the collateral trace bundles of this 
pteridosperm enter the petiole they have 
the appearance of the partly fused petiole 
bundles in cycads. He also called atten- 
tion to the parenchymatous character of 
the secondary wood in the two forms. 

In appraising the theories of cycad 
origin set forth by Worsdell and by Scott, 
the views of Scott have a special appeal 
because of their simplicity and directness. 
The general plan of a lyginopterid stem 
is more like that of a cycad than is a med- 
ullosan stem. Aside from hazzards inher- 
ent in the round-about reasoning used by 
Worsdell, two objections overshadow his 
whole scheme. The first one is that no 
one has ever proven that anatomical cha- 
racters exhibited by seedlings are ancest- 
ral characters, although many investiga- 
tors have regarded them as infallible 
evidence of ancestral conditions. Are 
seedling characters retentions of the ance- 
stral state or merely physiological mani- 
festations? Then the second objection is 
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that there is no proof that the collateral 
stem bundle of Lyginopleris or the ped- 
uncle bundle in a cycad is the one-sided 
remnant of a single concentric medullosan 
stele. The whole bears too much the fla- 
vour of forcing facts into a preconceived 
theory, and such elaborate postulations 
seldom find much support in subsequent 
discoveries. 

The possibility of some connection 
between medullosans and cycads was 
augmented somewhat by the work of De 
Fraine (1912) on Sutcliffia, a carboni- 
ferous stem resembling Medullosa but 
which has a main central protostele with 
smaller steles of similar structure around 
it. De Fraine claimed that the cycadean 
trunk could have evolved from one of the 
Sutclifia type by gradual medullation of 
the central stele and transformation of 
the peripheral ones to extra-fascicular 
arcs and accessory vascular strands. 
These structures are homologous in Sué- 
cliffia, Medullosa and the cycads. They 
have not been derived by reduction of 
systems of steles (as Worsdell’s theory 
requires ) but arose independently of the 
central stele, probably as a result of 
physiological requirements. 

Although De Fraine’s explanation may 
contain certain elements of truth and 
deserves serious consideration, there are 
difficulties in the way of accepting it as 
an explanation of cycad origin. One of 
these is that our knowledge of Swtcliffia 
is based upon very incomplete material. 
As yet we are unable to identify the 
pteridosperm that served as the ancestor 
of the cycads. 


Palaeozoic Cycadophytes 


A few Palaeozoic stems are known that 
appear to be more like cycads than are 
Medullosa, Sutclifia, and Lyginopteris, 
but our information on their structure is 
unfortunately rather meagre. Two of 
these, Cycadoxylon and Ptychoxylon, were 
grouped by Scott (1923) into the family 
Cycadoxyleae under the Pteridospermae. 
Cycadoxylon robustum, from the Coal 
Measures, had a woody cylinder resembling 
Lyginopteris oldhamia, even to the extent 
of showing anomalously developed xylem 
and phloem and groups of sclereids in the 
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It differs in not showing distinct 
primary xylem strands. The inner sur- 
face of the xylem resembles that of a 
cycad. In Cycadoxylon fremyi, a Permian 
species, the pith contains gum canals and 
a layer of normally appearing wood and 
phloem in the cortex as in some cycads, | 
No leaf traces were preserved in either of 
the species. 

Ptychoxylon is a Permian genus with 
one species. Its large stem has an outer | 
more or less continuous layer of loosely 
arranged wood with phloem around the 
outside. Inside the wood layer are two 
or more secondary vascular bands with — 
wood and phloem inversely oriented. The 
tissue of the normal layer joins that of the 
next inner layer through the large leaf » 
gaps. Although its leaf traces appear | 
similar to those of Lyginofßteris, the 
parenchymatous character of the wood | 
and absence of primary wood suggests 
cycadean affinity. 

Assuming that cycads evolved from 
pteridospermous forebearers, at what 
point in the geological record do plants 
that can be called cycads first appear ? 
This question cannot be given an un- 
qualified answer because the initial stages 
of a phyletic line can seldom, if ever, be 
recognized. Not until it has become well 
differentiated can its members be posi- 
tively identified. The result is that the 
time between the initiation of a group 
and the preservation of its oldest recog- 
nizable fossils may amount to several 
million years. By the time the cycads 
had evolved to the point where they could 
be distinguished from pteridosperms, most 
of the essential evolutionary steps had 
been passed through. The best that can 
be done in attempting to uncover the 
early history of cycads is to search among 
remains of fossil seed plants for the oldest 
ones that show cycadean characters. If 
whole plants were ever preserved, with 
foliage and fructifications still in organic 
connection with stems, the task would be 
different. As it is there is little to rely 
upon except detached foliage and a meagre 
assortment of petrified stems. 

In addition to Cycadoxylon and Ptycho- 
xylon there are a few leaf types that 
suggest the existence of true cycads 
during late Palaeozoic times. Dioonites 
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densinervis, described by Halle (1927) 
from the Permian of China, bears consider- 
able resemblance to the common Mesozoic 
frond Nilssonia. Then Thomas (1930) 
found that the cuticle of Pterophyllum 
grand'euryi, from the Upper Carboni- 
ferous of France, also bears some resem- 
blance to Nuélssonia. Then there are 
references in the literature to Carboni- 
ferous and Permian occurrences of Ptero- 
phyllum, Plagiozamites, and Sphenozamites, 
names frequently assigned to Mesozoic 
cycadophytes. 

There were probably some cycads in 
existence during the middle or late Car- 
boniferous and by the end of the Palaeo- 
zoic era they were fairly numerous. How- 
ever, they did not thrive in sufficient 
numbers to constitute a significant com- 
ponent of the flora until Triassic time. 


Mesozoic Cycadales 


The Mesozoic history of cycadophytes is 
complicated by the side by side occurrence 
of the two groups, the Cycadales and 
Cycadeoidales, which cannot always be 
distinguished. The latter are extinct. 
The cycadeoids resembled the true cycads 
in habit and vegetative structure but dif- 
fered sharply in inflorescence and sto- 
matal characters. These differences are 
so basic that, regardless of external 
appearances and even internal anatomy, 
there is grave doubt whether the two 
groups are closely related. Whether the 
two originated independently or whether 
they diverged from some common ancestor 
so long ago that marked differences have 
had time to develop, the fossil record has 
not revealed. 

After the cycadeoids had been dis- 
covered, the question arose as to how 
abundant true cycads actually were during 
the Mesozoic era. The rarity of fossil 
fructifications that could be attributed to 
them, as opposed to the abundance of 
material representing the other, led to the 
belief that true cycads were rare. Scott 
remarked upon the scant evidence of true 
cycads in the Mesozoic rocks, and in the 
third edition of his Studies in Fossil 
Botany less than four pages are allowed 
for them but nearly 50 are devoted to the 
other. Modern investigators, however, 
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have shown that they were much more 
numerous than generally known. 

The discovery of clearly cut differences 
in the epidermal characteristics of the two 
cycadophytic groups has had a profound 
effect on our concepts of the relationships 
between them. When the name Cyca- 
dophyta first began to be used for recent 
and extinct Cycadales and the extinct 
Cycadeoidales, differences between them 
were assumed to be no greater than of 
family or at most ordinal rank. Modern 
tendencies have been to extend the gap 
between the two, on the assumption that 
similarities in habit, anatomy, and gross 
leaf form are the results of parallel de- 
velopment. Classifications of vascular 
plants in the future may exclude the 
cycadeoids from the cycadophytes, al- 
though the habit of calling them “ fossil 
cycads ” will probably persist for a long 
time. If the relationship is not as inti- 
mate as originally supposed, the place of 
the cycadeoids among the vascular plants 
is an open question. The fact that they 
have stomata resembling those of Gnetum, 
Welwitschra, and some flowering plants, 
brings up anew the much-discussed possi- 
bility of some degree of affinity among 
all of them. 

Florin (1933) has reconstructed a 
Mesozoic cycad which he has named 
Bjuvia simplex. . It is based on material 
from the Rhaetic of southern Sweden 
which consists of foliage known as Macro- 
taeniopteris gigantea and seed-bearing 
sporophylls named Palaeocycas «integer. 
His reconstruction shows a columnar 
trunk terminated by a compact cluster 
of spirally arranged ovulate sporophylls. 
The latter is a stalked organ, 13 cm. long 
and 5 or 6 cm. broad, that has two pairs 
of laterally borne ovules on the stalk just 
below the expanded part. This sporo- 
phyll cluster is nestled in the leaf crown 
made up of leaves nearly a meter long. 
The sporophylls and leaves were corre- 
lated by means of epidermal structures. 
The pollen-bearing organ is unknown. 
The plant bears an obvious resemblance 
to the modern Cycas. 

Several other structures believed to be 
cycadean megasporophylls have been 
found in the Mesozoic. One is the Triassic 
Dioonitocarpidium. Kräusel (1949) has 
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recently re-described one of the species, 
Dioonitocarpidium keupertanum, as an 
elongate pinnate organ 15 or more centi- 
metres long with two pairs of ovules on 
the surface of the expanded basal rachis 
portion. Rühle von Lilienstern ( 1928 ) 
had previously made a restoration of the 
plant bearing a similar sporophyll with 
only one pair of ovules. His figure shows 
a cluster of six ovulate sporophylls sur- 
rounded by leaves known as Danaeopsis 
angustifolia. The stem is not known. 
The reconstruction has been criticized 
because of lack of proof that the leaf is 
cycadaceous. 

The middle Jurassic deltaic beds at 
Cayton Bay in Yorkshire have yielded 
large numbers of leaves of the Nilssonia 
type and, in addition, a few pollen and 
seed-bearing cones known respectively as 
Androstrobus and Beania. There are two 
species of Androstrobus, A. manis and A. 
wonnacotti, that differ mainly in size. The 
former is about 5 cm. long and 2 cm. 
broad, with spirally arranged micro- 
sporophylls bearing pollen sacs on the 
lower surface. The oval pollen grains 
measure 26 by 36u. Although it is 
typically cycadean, Androstrobus bears no 
special resemblance to any particular 
modern genus. Beania, of which there 
is but one species, is a lax, spikelike, 
seed-bearing inflorescence with spirally 
arranged peltate sporophylls that bear 
two ovoid sessile seeds each. Restorations 
that differ shghtly from each other have 
been made by Harris (1941) and by 
Andrews ( 1947). The seeds are typical 
of cycads, the most peculiar feature being 
lumps of resin in the fleshy outer integu- 
ment. 

Harris believes that the fructifications 
Androstrobus and Beania and the Nilssonia 
type of foliage from Cayton Bay all 
represent the same cycadean genus. This 
belief is based largely on similarities of 
the stomata of the different organs. 
Among living cycads, the resemblance is 
strongest to Zamia, although Harris 
proposes that Jurassic forms be placed 
in a separate sub-family from Zama, the 
Nilssoniae. It is close to, and un- 
doubtedly related to, the Zamioideae. 

Fossil Cycadales such as the restored 
Bjuviia simplex and others represented by 
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fructifications of the Beania type are of 
extreme interest to those concerned with 
morphology of vascular plants because 
they bear respectively resemblances to 
Cycas and Zamia. These forms indicate 
something of the probable extent of 
cycadean evolution that had been achiev- | 
ed by middle Mesozoic times. 

Tertiary cycads, for the most part, 
seem to belong to existing genera. The 
discovery of Cycas foliage in the early 
Tertiary of Japan (Yokoyama, 1911) 
indicated that this genus has inhabited 
these islands for a long time. Likewise, 
several reports of Zamia in North and 
South America point to a long period of 
residence of that genus in the Western 
Hemisphere. Then the occurrence of 
cycad foliage in such places as Alaska, 
Oregon, Switzerland, and Belgium, all 
remote from present occurrences of these 
plants, show something of the geographical 
shrinkage the family has undergone since 
middle Tertiary times. 


Relation of the Cycadales to other 
Naked-seeded Plants, Living and 
Extinct 


The prevalent and time-honoured prac- 
tice of grouping all naked-seeded plants 
into one class, the Gymnospermae, 
can be criticized on grounds that the 
resulting assemblage is not a natural 
one. One character only, the manner in 
which the seeds are borne, is the basis 
of this grouping. The class was ori- 
ginally set up to segregate these plants 
from the angiosperms. The result is 
entirely expedient as far as this one 
character is concerned, and there has 
never been much difficulty in drawing a 
sharp line of demarcation between gym- 
nosperms and angiosperms. The error 
lies in the assumption that all naked- 
seeded plants are related and form a 
natural assemblage. The making of de- 
tailed comparisons of the ovule of a 
cycad, pine, and flowering plant has long 
constituted an important phase of the 
instructional programme in plant mor- 
phology. But in using “ naked-seeded- 
ness ’’ as the key feature in setting up 
categories, other characters that are just 
as important, or maybe more so, are 
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ignored and overlooked. The current 
practice of regarding cycads and conifers 
as allies is not supported by the geo- 
logical history of these groups or even 


by a sufficient number of anatomical and ~ 


morphological features of their members. 
The cycadophytic line can be traced only 
to the beginning of the Carboniferous 
period if the pteridosperms are assumed 
to be its forerunners, but the oldest known 
prototypes of the conifers occur in the 
Middle Devonian. By late Devonian 
time the early coniferophytes were fully 
as far along as the cycads were by the end 
of the era. The arbitrary combining of 
cycads and conifers into one class has 
had the effect of distracting from the true 
relation of these groups. 

Some of the characteristics of cycado- 
phytes that distinguish them from coni- 
ferophytes are: 

1. Large frondlike leaves. 

2. The loosely arranged, large-celled 
wood with numerous large rays. 

3. A pronounced tendency toward poly- 
cycly and anomalous secondary growth. 

4. The large pith that often contains 
gum ducts, sclerotic nests and vascular 
tissue. 

5. An extensive cortex that often 
contains sclerenchyma. 

6. An armor of persistent leaf bases 
that invests the stem below the leaf 
crown. 

7. A complex leaf trace supply system. 

8. Ovulate inflorescences lacking (as 
in pteridosperms ), or simply constructed 
 strobili. (The complex inflorescence of 
the cycadeoids shows nothing in common 
with the coniferous inflorescence.) 

Some exceptions to the above gene- 
ralizations can of course be pointed out, 
and some of them are relative. For 
example, the cordaitean trunk has a large 
pith that may be actually larger than that 
in many cycads, but it is small in pro- 
portion to the diameter of the cylinder 
of secondary wood. In some of the 
oldest coniferous forms, as in Callixylon 
and Pitys, the pith sometimes contains 
vascular tissue which apparently is a 
holdover from a very ancient protostelic 
state. There are some Palaeozoic stems 
that show features common to cordaites 
and pteridosperms in the primary skeleton, 
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but whether these have anything to do 
with a common origin we do not know. 

If cycads and conifers are actually 
related, as implied by schemes of classi- 
fication in current use, they should either 
show evidence of convergence somewhere 
in the geologic column or one group 
should stand out as ancestral to the 
other. Neither happens to be the case. 
Throughout the latter part of the Palaeo- 
zoic era the pteridosperms and Cordaitales 
grew side by side in the coal swamp 
forests. The Cordaitales were preceded 
in time by a still older group, the Pityeae, 
which, though more primitive than the 
cordaites, were coniferophytes in the 
broad sense as shown by habit and 
structure of their huge woody trunks. 
The oldest of the Pityeae is the Upper 
Devonian Callixylon which is represented 
in North America and Europe by about a 
dozen species. Trunks as much as five 
feet in diameter and which could have 
been 75 ft. tall have been observed. 
The firm secondary wood is composed of 
pitted tracheids and small rays, and in 
both structure and external appearance 
the tree bore a strong resemblance to a 
modern araucarian. Its reproductive 
structures are unknown, but it probably 
bore seeds. The chief archaic feature of 
Callixylon is the presence of mesarch 
primary wood strands around the pith. 
Callixylon and the other members of the 
Pityeae show something of the high state 
of development attained by the coni- 
ferophytic phylum as long ago as Upper 
Devonian time. There is no proof of the 
existence of pteridosperms this early, 
and if any did exist, then they were lowly 
fernlike forms. The gap between the 
cycadophytic and coniferophytic lines was 
almost as wide then as now. 

The individuality of these two great 
seed plant groups throughout the late 
Palaeozoic, Mesozoic and Cenozoic eras 
has been recently stressed ( Arnold, 1948 ) 
but the idea is not especially new because 
Chamberlain expressedit aslongagoas1920. 
Whatever similarities do exist between 
coniferophytes and cycadophytes (in- 
deed, what two groups of plants do not 
show something in common!) are due 
in part to parallel development and in 
part to possible retention of extremely 
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ancient characters that antedate the 
oldest known fossil remains. 

The fossil record shows that cycads and 
conifers are both products of long courses 
of evolution. Both have retained the 
naked-seeded habit but neither have 
developed vessels or companion cells. In 
some instances there may be striking 
manifestations of parallel development, 
but as individual entities the groups are 
well apart. The term ‘“‘ Gymnospermae ” 
should certainly be dropped from all 
formal schemes of classification and others 
signifying the individuality of the groups 
should be substituted for it. Each of 
these groups should rank as major cate- 
gories no lower than classes and probably 
as high as divisions. 


Summary 


The modern cycads are the remnant 
of a much larger vascular plant group that 
during the past ranged far beyond its 
present limits. Each genus probably 
evolved within or near the general region 
where it now exists. None of the living 
genera arose from any of the others, and 
it is impossible to arrange them into any 
satisfactory series on the basis of in- 
creasing complexity. Although Cycas has 
been considered the most primitive be- 
cause of the lack of ovulate strobili, 
Stangeria bears the largest number of 
fernlike characters. 

The group Cycadophyta consists of the 
Cycadales with living and extinct mem- 
bers, and the Cycadeoidales ( Bennet- 
titales) which are extinct. When satis- 
factorily preserved, fossil foliage of the 
two orders can be distinguished by the 
arragement of the cells surrounding the 
guard cell pair and other stomatal and 
epidermal characters. The haplocheilic 
arrangement of the cells in the Cycadales 
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is shared by the pteridosperms, conifers, 
Cordaitales, Ginkgoales, and Ephedra. 
The syndetocheilic arrangement charac- 
terizes the cycadeoids, Gnetum, Welwits- 
chia, and some angiosperms. In view of 
pronounced differences in form of the 
stomatal apparatus, as well as inflores- 
cences differences, it is doubtful whether 
the cycads and cycadeoids are closely 
related, regardless of the resemblances in 
habit and internal structure. 

The Cycadales are believed to have 
evolved from pteridospermous ancestors 
during the latter part of the Carboni- 
ferous period, but the particular pterido- 
sperm that served as the ancestor has not 
been identified. Because of their adap- 
tation to arid environments the cycads 
survived the adverse conditions of the 
Permian much better than did the pteri- 
dosperms, and during: the Triassic they 
spread rapidly over the earth. Their 
climax, as far as distribution and num- 
ber of forms is concerned, was attained 
during the Jurassic. Modern techniques 
have shown that true cycads are more 
abundantly preserved than formerly sup- 
posed. 

Tertiary cycads seem to have belonged 
for the most part to modern genera or 
genera closely related to them. They, 
however, were much more widely dis- 
tributed over the earth. 

The cycadophytes, including the pteri- 
dosperms, and the coniferophytes con- 
stitute independent phyletic lines that 
have pursued separate courses from the 
times of their earliest recognition in the 
fossil series. If the two groups did have 
a common origin, the separation took 
place at some remote date beyond the 
reach of the fossil record as it is now 
known. Both groups should be recog- 
nized as major categories in the plant 
kingdom. 
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THE PHYSICAL CONSISTENCY OF THE ENDOSPERM 
NUCLEUS OF ECHINOCYSTIS MACROCARPA 


FLORA MURRAY SCOTT 
Botany Department, University of California, Los Angeles, U.S.A. 


Introduction 


It is generally recognized that meta- 
bolic, interphasic or resting nuclei in the 
higher plant, when first detected micro- 
scopically within the living cell, may be 
relatively large, faintly outlined, barely 
visible, and optically empty. Although 
it appears probable that this is the normal 
condition of the nucleus when functioning 
actively within the living cell, our present 
knowledge of the structure of the meta- 
bolic nucleus is necessarily based on the 
results of intensive study of nuclei in 
tissues which have been fixed and stained 
in various ways. The concept of struc- 
ture thus attained, nuclear membrane, 
nucleoli, reticulum and nuclear sap, is 
static rather than dynamic, and contrasts 
markedly with that of the dividing 
nucleus, the unceasing turbulence of 
which is vividly recorded in the Canti film 
( Strangeways Research Laboratory, Cam- 
bridge ) and other films of animal tissue. 

The endosperm of angiosperms is a 
tissue unique in its origin from the fusion 
of polar and generative nuclei and also 
in its fate of disintegration and ultimate 
resorption by the developing embryo (Brink 
& Cooper, 1947; Eames & MacDaniels, 
1947; Maheshwari, 1950; Stover, 1951). 
A great deal of work has been done on the 
early stages of endosperm development, 
but, beyond the bald statement that the 
endosperm furnishes the reserve material 
necessary for the growth of the embryo, 
little is known of the final process of 
resorption ( Godfrin, 1884; Kausik, 1938; 
Rau, 1951; Strasburger, 1880; Subra- 
manyam, 1949). The endosperm of Echi- 
nocystis macrocarpa proves to be excellent 
material for the study of living giant 
nuclei, as they change from translucent, 
optically empty spheres to shrunken 
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bodies, opaque, polynucleolate and reti- 
cular in pattern. The present paper deals 
with the changes in physical consistency 
observed in these specialized nuclei during 
the definition of reticulum, streaming, 
and Brownian movement of particles, 
formation and behaviour of vacuole-like 


bodies, and amoeboid-like changes in 
outline prior to and during final frag- 
mentation. 


Echinocystis macrocarpa may begin to 
flower very early in spring, but the actual 
fruiting season lasts for a few weeks only 
and ends about the middle of June. Many 
questions raised during the present and 
also during previous investigations neces- 
sarily remain unanswered until another 
season. 


Materials and Methods 


The development of the fruit and seed 
and the structure of the endosperm nuclei 
of Echinocystis macrocarpa, a vigorous 
chaparral vine commonly known as wild 
cucumber have been discussed in previous 
publications (Scott, 1940, 1943, 1944, 
1950). Fruits of various ages were cut 
from the vines, immediately placed in a 
bucket of water and brought directly to 
the laboratory within about half hour’s 
time. It has been found that, if examina- 
tion of material is delayed, and if material 
is allowed to dry out to any degree, the 
appearance of the living tissue may be 
seriously altered. 

When seeds, full grown but as yet 
unhardened, are deeply gashed by a 
tapering scalpel, part of the turgid con- 
tents of endosperm and nucellus spurts 
outwards, a spray of cytoplasm including 
vacuolar sap and nuclei. The remaining 
contents may be expelled from the seed by 
gentle pressure and collected along with 
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the spray on one or more large slides. 
The nuclei surrounded by fluid cytoplasm 
are practically stationary so that they 
may be observed more or less conti- 
nuously under standard or phase micro- 
scope. 

The only method by which the visible 
changes in the endosperm nuclei might be 
satisfactorily presented is by motion 
picture record. Since the requisite equip- 
ment was not available, impressionist 
diagrams necessarily served as a mediocre 
substitute. Rapid sketches, occasionally 
with the aid of a camera lucida, were made 
at varying intervals of time, and difference 
in size and other outstanding changes 
were noted. Individual nuclei were ob- 
served continuously for minutes or inter- 
mittently for several hours. 

In order to compare ‘natural’ and 
artificial shrinkage and to speed up the 
process of immobilization of particles, etc., 
reagents such as osmic acid 1 per cent, 
IKI, alcohol 95 per cent and Feulgen’s 
reagent were used on various preparations 
( Rawlins & Takahashi, 1952). 

A few preliminary observations were 
made on the penetration of vital and other 
stains such as thionin, neutral red, Janus 
green, and anilin blue into nuclei of 
varying size and physical condition. 

The endosperm of the seed of the sun- 
flower, Mammoth Russian, in successive 
stages of development, was compared 
with that of Echinocystis. Sunflower en- 
dosperm is turgid as in Echinocystis, and 
spurts outwards when punctured. Nuclei, 
‘cytoplasm, along with intact cells can, 
therefore, be mounted in the same way 
and examined immediately. 


Summary of Diagrams 


Since diagrams, in lieu of motion 
pictures, form an integral part of this 
paper, a brief outline of their content 
will be given here as a preliminary to 
detailed discussion. In a typical vacuo- 
late nucleus ( Fig. 1) particles varying 
in shape ( Figs. 2, 3) may stream in all 
directions. Internal fluidity is indicated 
by pseudopod formation ( Fig. 4) and by 
translocation of vacuoles (Figs. 5-8). 
Vacuolation, streaming and Brownian 
movement may occur in nuclei of any size 


( Figs. 9-13). When movement ceases, 
a nucleus may be reticular or granular 
( Figs. 14, 15). Stages in fragmentation 
occur in nuclei of various sizes ( Figs. 
16-20). Nucleoli may arise from aggre- 
gation of particles (Fig. 21). Nuclei 
were observed for different periods of 
time (Figs. 22-101). Reticular move- 
ment may be accelerated by addition of 
reagents (Figs. 102-105). The nucleus 
of the sunflower resembles that of Echino- 
cystis but particle movement has not so 
far been observed ( Figs. 106-112 ). 


Observations 


The nuclei floating free in the extruded 
protoplasm range in size from 20-200 u, 
the largest from the central core of 
endosperm and nucellus, the smallest 
from the smaller cells of the surface 
layers (Scott, 1944). They may vary 
considerably in appearance. In all pre- 
parations there may occur translucent 
optically empty nuclei of all sizes along 
with others of typical reticular structure. 
The translucent nuclei appear to have 
survived undisturbed the physical shock 
of forcible extrusion from the cell. It is 
presumed that they represent the physical 
condition of the nuclei which are func- 
tioning actively within the undisturbed 
living cell. If instead of puncturing the 
endosperm, the nutritive tissue is carefully 
dissected out, then nuclei optically empty, 
or translucent except for nucleoli, may be 
observed within some of the living cells. 
The changes which occur during the 
transition from optical homogeneity to 
reticular heterogeneity may begin within 
a few minutes of observation or may be 
delayed for several hours. Prior to dis- 
integration and ultimate resorption the 
larger nuclei may fragment amitotically 
into smaller daughter nuclei. The principal 
changes observed are illustrated by im- 
pressionist diagrams, Figs. 1-112 and 
discussed in the following sequence: 
1. Appearance and movement of particles. 
2. Appearance and translocation of vacuo- 
les. 3. Origin of nuclei. 4 Amoeboid 
changes in form and ultimate fragmenta- 
tion. 5. Change in volume. 6. Cessa- 
tion of movement and formation of re- 
ticulum. 


Fics. 1-4 are diagrammatic. The remainder were drawn during observation of nuclei of 
different volumes. In all cases diameter is indicated in microns and arrows indicate direction 
of streaming. Time intervals are noted. Fig. 1, typical vacuolate nucleus; NCL, nucleolus; 
P, particle; V, vacuole; Fig. 2, intervacuolar channel with streaming particles. Fig. 3, 
particles of various shapes. Fig. 4, pseudopod. Figs. 5-8, changing position of vacuoles at 10- 
minute intervals. Figs. 9-13, nuclei, 16, 48, 96, 144 and 64 u, with streaming or Brownian move- 
ment. Fig. 14, reticulate nucleus, 91 u. Fig. 15, granular nucleus, 80 u. Figs. 16-20, fragmenta- 
tion in nuclei of different sizes. Fig. 21, origin of nucleolus from particles. Figs. 22-29, optically 
empty nucleus, 64 u, becomes vacuolate and decreases in volume. 
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Fics. 30-53, nucleus, 112 u, in 90 minutes changes in optical emptiness, vacuolation, pseudopod 
formation, and nucleolar consistency. 


Fics. 54-68, nucleus, 98 u, in 8 hours changes in outline, in consistency, structure of nucleolus, 
fragmentation, ultimate reticular formation. 
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Fics. 69-80, 81-89, 90-101, nuclei, 40, 48 and 112 u, fragment. Figs. 102-105, nucleus, 192 u, 
develops reticulum on addition of Feulgen’s reagent. 
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Fics. 106-112, Helianthus annuus — Mammoth Russian, 80-48 u. 


1. PARTICLES ( Figs. 1-3, 9-13, etc.) 


Nuclei may remain translucent for many 
hours or the transition from translucence 
to definitive structure may begin within 
a few minutes. In either case a few 
particles appear beneath the nuclear 
membrane, shimmering in restricted Brow- 
nian movement, or darting more or less 
freely across a wider field. Other particles 
appear in discontinuous areas and frag- 
mentary meshes begin to be outlined by 
these unresting granules. The meshes 
gradually extend and coalesce into a 
haphazard network of channels of varying 
width. Streaming movement now be- 
comes conspicuous. The nucleus is a 
microcosm of turbulent particles resem- 
bling on a minute scale arterial traffic 
without apparent regulation. The particles 
race along the open channels, collide and 
ricochet, slow down into a traffic jam of 
Brownian movement at every intersection. 
Streaming may occur in any and every 
direction, and the direction of flow may 
change and reverse at frequent intervals. 
In general, the appearance in any one 
channel resembles on a minute scale the 
movement observable and recorded photo- 
graphically in the protoplasm of the 
hyphae of living fungi. The channels lie 
immediately below the nuclear membrane 
in furrows between the vacuoles and the 
surface. Particles may be observed be- 
tween the outer surface of a vacuole and 
the nuclear membrane or, on the other 
hand, the vacuolar surface itself may 


appear to be in contact with the nuclear 
membrane. 

As already stated, active streaming 
may continue for hours or may cease in 
less than one hour, even in a few minutes. 
Sooner or later, however, all streaming 
slows down and comes to an end. Brow- 
nian movement generally continues for a 
longer time but eventually is also stilled 
and a typical nuclear network is clearly 
defined by the aggregate of resting par- 
ticles. During all this time the nucleus 


has gradually been contracting and may 


have shrunk as much as 50 per cent in 
volume. 

The particles which swirl along in the 
nucleoplasmic streams are minute, and 
variable in shape, spherical, ellipsoid, 
ovoid or rod-like and appear to be capable 
of division or budding. Equational con- 
striction of spheres, ellipsoids or rods may 
be responsible for the origin of the figure- 
8 particles and the linear beaded elements. 
From ovoid particles may arise the yeast- 
like budded units, the swan-necked Lacry- 
maria-like bodies or the minute spindles 
which taper at one or at both ends. 


2. VACUOLES ( Figs. 1-3, 5-8, etc.) 


About the time that the first particles 
are distinguishable, a few clear spherical 
bodies appear faintly outlined beneath 
the nuclear membrane. Many more may 
arise immediately, or only after an appre- 
ciable time. They resemble in appear- 
ance the aqueous vacuoles typical of 
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plant cytoplasm and are, therefore, termed 
here nuclear vacuoles. All optically 
empty nuclei, large and small, appear to 
pass through a vacuolate phase which 
resembles the “ foam structure ”’ of proto- 
plasm illustrated by the early micro- 
scopists. The consistency of the nucleus 
may remain relatively stable in any one 
condition for hours, or it may pass into 
an unstable phase of constant change. 
Due to stimuli unknown, foam structure, 
may revert to optical emptiness and 
thereafter, with irrational unconcern, the 
vacuoles may suddenly reappear. Fluidity 
of the nucleus as a whole is indicated by 
the translocation of vacuoles and surface 
movement in any direction, apparently 
quite haphazard. Vacuoles may also 
change in level, may sink about their own 
diameter below the surface zone and 
again return. Whether the core of the 
nucleus is in the same semifluid con- 
dition as the surface zone is undetermined 
at this time. Vacuoles differ in size and 
apparently each and all resemble the 
contractile vacuoles of Amoeba and other 
protozoa. They may expand and con- 
tract, may approach the nuclear mem- 
brane, project blister-like beyond it, burst 
and disappear. The contents of the 
vacuole may appear homogeneous or may 
be heterogeneous. In many vacuoles, 
refringent droplets resembling oil may be 
present and are in more or less constant 
movement. Other inclusions, less bril- 
liantly refringent, resemble protein or 
other particles. When the nucleus is in 
the typical “foam structure ” phase, the 
channels in which the streaming of 
particles occurs lie between the vacuoles. 
As the particles slow down and come to 
rest the vacuoles gradually disappear. 
The final reticular pattern of the shrunken 
nucleus, now clearly defined, is, therefore, 
determined by vacuole distribution. 


3. NucLeoLi ( Figs. 1, 21, 30-53, 69-80, etc.) 


In the contracted reticular nucleus the 
nucleoli may be relatively large and as a 
rule from one to three in number, or the 
nucleolar material may be dispersed in 
very numerous smaller units. When 
nucleoli were previously studied (Scott, 
1944 ), their origin was not observed and 


judged by their optical appearance and 
by their reaction to Feulgen and other 
reagents, all appeared to be similar in 
composition. In the translucent nuclei 
at present under consideration, however, 
the origin of the nucleoli was observed 
but is by no means clearly determined. 
Nucieolus-like bodies seem to originate in 
three different ways and yet, so far as 
determined at present, these bodies, when 
once ‘formed, appear indistinguishable. 
In the first place in nuclei, otherwise 
optically empty, spherical refringent bodies 
identified microscopically as typical nu- 
cleoli may be already evident and these 
apparently persist throughout nuclear 
contraction. Some time later, as particles 
and nuclear vacuoles begin to be defined, 
two additional complex structures may 
be detected, (1) heterogeneous vacuoles 
and (ii) rod-particle aggregations, both of 
which may ultimately differentiate into 
nucleolus-like bodies in the shrunken 
reticulate nucleus. The heterogeneous 
vacuoles contain refringent droplets and 
occasional minute non-refringent particles. 
The droplets are in a constant state of 
flux, they expand and contract, fuse and 
divide, appear and disappear, align them- 
selves in ordered radial symmetry or 
disperse in haphazard chaos. As the 
nuclei contract, it seems probable that 
these heterogeneous nuclear vacuoles, 
individually, or after coalescence, dif- 
ferentiate into nucleolus-like bodies. In 
contrast to this, another group of nucleolus- 
like structures appear to originate from 
brush-heap aggregates. In the early 
stages of transition from translucence to 
structure, here or there near the surface 
of the nucleus, particles, predominantly 
rod-like in form, begin to collect in one or 
two raft-like or brush-heap-like structures. 
They approach and rebound incessantly, 
some become entangled while others float 
freely away. As the particle mass gra- 
dually increases in area, and also to some 
extent in thickness, it may move across 
the surface of the nucleus, working its 
way between mobile vacuoles or dis- 
placing them by its own momentum, and 
all the while it may be in constant active 
rotation. The result of rotation is the 
formation of nebular streamers of par- 
ticles, streamers which shrink and extend 
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in length as particles are added to or lost 
from this unresting halo. At times the 
brush-heap masses may thin out tem- 
porarily and again reform, or they may 
break up into daughter units similar in 
character to the parent mass. In any 
case when certain nuclei been observed 
until shrunken, reticular and devoid of 
internal movement, these particulate 
bodies are no longer distinguishable as 
such and are presumed to have coalesced 
into more or less homogeneous nucleoli. 


4, AMOEBOID OUTLINE AND PSEUDOPODS 
( Figs. 4, 16-20, 30-89,90-101, 106-111 ) 


Before disintegration and resorption, 
the endosperm nuclei may fragment into 
a number of daughter nuclei or may 
decrease in volume by partial fragmenta- 
tion. Fluidity of the nucleus as a whole 
is indicated by the constantly recurring 
changes in form from spherical to ellip- 
soidal or ovoid, or to amoeboid sinuosity 
and mobility and while such changes are 
in progress, the nuclear membrane ap- 
pears as a tenuous film separating nucleo- 
plasm and surrounding cytoplasm. When 
a pseudopod is about to develop, a stream 
of particles and vacuoles begins to set 
strongly towards one particular area of 
the surface. The nuclear membrane thins 
out almost to invisibility and a papilla 
appears, conical or dome shaped, the 
outer zone of this nuclear pseudopod 
clear of granules like the ectoplasm of 
Amoeba, the inner core a granular mass of 
shimmering particles and vacuoles. Pseu- 
dopods may project from the surface for 
an instant and instantly withdraw, or on 
the other hand they may gradually 
extend into spherical lobes, constrict at the 
base and break away, so that the entire 
nucleus may ultimately fragment into 
daughter nuclei. These daughter nuclei 
resemble the parent in consistency and 
shape, spherical or ellipsoidal masses of 
moving particles and vacuoles, but as a 
rule they are uni-nucleolate. 

In contrast to this approximately equa- 
tional division, partial fragmentation re- 
sults merely in a reduction of nuclear 
volume. Nuclear pseudopods appear in 
this case at first filamentous, heliozoan in 
pattern. Almost immediately the fila- 
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ments may widen into hypha-like tubules, 
channels along which minute granules race 
outwards from the main nuclear mass. 
The tip of any filament may expand to 
form a terminal granule-filled spherule, or 
subterminal bead-like swellings may arise 
at any point along the hypha. Filamen- 
tous pseudopods may break off at any 
point in their length, and are lost in the 
surrounding cytoplasm while the basal 
remnant is sooner or later retracted. 

Variation in strength and extensibility 
of the nuclear membrane is further evident 
in its occasional thinning to the point of 
rupture. Granular nucleoplasm may flow 
through the wound for fractions of a 
second, a new membrane may heal the 
wound and the spherical or amoeboid 
outline may be restored. In contrast to 
this, however, immediately on wounding 
the nucleus may appear to explode, 
membrane and nucleoplasm disappear 
from view like a bursting balloon and 
leave no trace. 


5. DECREASE IN VOLUME 
( Figs. 22-29, 30-36, 54-68, etc. ) 


While the nucleus is in a turmoil of 
streaming and amoeboid activity slight 
variations in volume may pass unnoticed, 
but, if nuclear diameter is measured inter- 
mittently, more or less change is evident. 
Nuclei appear to be at their visible maxi- 
mum volume when optically empty and 
as the first traces of internal structure 
become evident, some degree of shrinkage 
generally occurs. Shrinkage, slow or 
rapid, continuous or discontinuous, is in all 
cases accompanied by thickening of the 
nuclear membrane, disappearance of fluid 
vacuoles, immobilization of streaming 
particles into a typical nuclear net, and 
the definition of one or more nucleoli. So 
long as immobilization is not yet complete 
a nucleus may return temporarily to its 
original volume and optical translucence. 
Fluid is re-absorbed, vacuoles, streaming, 
and even nucleoli may become completely 
invisible. It seems highly probable that 
living nuclei may be invisible when func- 
tioning most actively, and that actual 
maximum volume, immeasurable by pre- 
sent methods, must be distinguished from 
visible maximum. 
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6. CESSATION OF MOVEMENT 
( Figs. 54-68, 102-105 ) 


In the preceding paragraphs movement 
and cessation of movement have been 
mentioned repeatedly. It is, therefore, 
only necessary to summarize the principal 
changes evident as the nucleus shrinks 
and is transformed from a sol to a gel 
condition. 

The living nucleus when first examined 
is optically clear and of maximum visible 
volume. The first particles to appear 
vibrate to and fro in the limited paths of 
Brownian movement, or they may range 
free and apparently untrammelled across 
the entire surface. As vacuoles arise, 
nucleoplasmic channels are formed and 
directional but constantly changing 
streaming of particles is dominant. Sooner 
or later, minutes or hours as the case may 
be, streaming gradually slows down and 
comes to a standstill, but localized 
Brownian movement may continue for an 
indefinite time. The familiar reticulum 


- of the interphasic nucleus appears to 


mark the resting place of the motile 
particles. 

Internal movement may be artificially 
brought to a halt by irrigation of the 
preparation with reagents such as IKI, 
alcohol 95 per cent, osmic acid, and 
Feulgen’s reagent. In all instances the 


‘resultant network resembles in pattern 


that which results from ‘ natural’ death 
and the shrinkage in volume is approxi- 
mately the same. Nucleoli appear, but 


whether these arise from particles or 


from vacuoles was not determined. Ces- 
sation of movement, shrinkage and con- 
current changes, occur sooner or later on 
irrigation with aqueous dyes such as 
thionin, neutral red, anilin blue, Janus 
green, etc., all of which stain the sur- 
rounding cytoplasm immediately and more 
or less intensely. It is, therefore, possible 
to compare dye penetration in translucent, 
and in partially or wholly reticulate nuclei. 
Translucent nuclei in all cases stand out 
clearly unstained for some time against 
a background of stained cytoplasm. 
Sooner or later, however, faint coloration 
is evident, and once begun, staining is 
extremely rapid, the result a shrunken net, 
variable in appearance, fibrillar, granular- 


fibrillar or granular. In contrast to this, 
nuclei which happen to be already in the 
reticulate phase stain instantly, at the 
same time as the cytoplasm, and in the 
characteristic reticular pattern. Other 
nuclei, at different stages between life 
and death, stain after varying intervals 
and appear as a spherical mass of granules, 
or a complex of reticulum and granules. 
In order to determine whether the 
endosperm nuclei of Echinocystis are 
unique in behaviour, the nuclei of the 
endosperm of the sunflower, Mammoth 
Russian, were selected for comparison 
( Figs. 106-112). In sunflower seeds, 
full-grown but still unhardened, the en- 
dosperm, like that of Echinocystis, is 
highly turgid. When seeds are punc- 
tured, the cell contents spurt outwards 
and may be mounted directly with or 
without some of the intact cells of the 
tissue. The nuclei, while much smaller 
than those of Echinocystis, are nevertheless 
large in comparison with the somatic cells 
of the sunflower. As in Echinocystis, sun- 
flower nuclei may appear optically empty, 
vacuolate, amoeboid or reticulate. Vacuo- 
les were distinctly observed but at no 
time was movement of particles detected 
in the intervacuolar channels. The occa- 
sional amoeboid condition, however, and 
the occurrence of vacuoles indicate a close 
similarity to the fluid consistency of the 
endosperm nuclei of Echinocystis. 


Discussion 


Among the numerous questions which 
arise after consideration of the behaviour 
of the endosperm nuclei of Echinocystis, 
the following appear to be outstanding: 
(1) Is nuclear fragmentation a normal step 
in the disintegration of transitory tissue, 
and, if so, what are the principal stimuli 
effective in disintegration? (2) Is fluid 
particulate consistency unique in endo- 
sperm nuclei, or does the optical emptiness 
recognized in somatic nuclei imply parti- 
culate rather than reticular structure ? 
(3) Does the actual maximum volume of 
endosperm and, therefore, also of somatic 
nuclei exceed the visible maximum 
volume ? (4) Of what significance for the 
understanding of cell metabolism is the 
accumulated data on nucleo-cytoplasmic 


74 


ratios ? (5) What is the submicroscopic 
structure of the nuclear membrane ? 

(1) It has already been remarked that 
the details of endosperm degeneration 
and resorption are far from clear. It is 
also generally accepted that amitosis 
occurs but rarely in any tissue and is 
not at any time followed by normal 
mitosis (Delay, 1946-47; Guilliermond, 
Mangenot and Plantefol, 1933; Johansen, 
1931; Nathanson, 1900; Schiirhoff, 1915; 
Strasburger, 1880; Treub, 1880 ). Whether 
the process of fragmentation as observed 
in Echinocystis is a normal step in endo- 
sperm breakdown must needs be deter- 
mined by an extensive histological survey 
of seed development. The enzyme sys- 
tems and the chemical processes involved 
in the destructive metabolism of the 
nutritive tissue necessitate intensive bio- 
chemical investigation. 

(2) Prior to the outstanding work of 
microdissectionists and other investigators 
of living cells, little was known of the 
physical consistency of protoplasm, whe- 
ther cytoplasm or nucleus (Chambers, 
1924; Gray, 1931). Experimentation 
with echinoderm eggs and other animal 
material indicated the extraordinary sen- 
sitivity of the interkinetic nucleus to 
shock. Manipulation of the cell as a 
whole or of the nucleus itself is in many 
cases sufficient to cause coagulation and 
shrinkage, the change from translucence 
to opacity; on the other hand, under 
certain conditions, the nuclear membrane 
may be carefully punctured, the nucleo- 
plasm may extrude, a new membrane 
may form and the original contour of the 
nucleus may be restored intact. The 
endosperm nuclei of Echinocystis resemble 
such animal nuclei in fluidity of nucleo- 
plasm and in the sensitive sol-gel balance. 
It has already been noted that unless 
Echinocystis material is examined after 
the minimum possible handling and delay 
in time, the majority of the nuclei in any 
seed may be already in the familiar reti- 
culate condition, irreversibly coagulated. 
On the other hand, in perfectly fresh 
material, during observation of amoeboid 
change, the nuclear membrane of optically 
empty nuclei may rupture locally allowing 
the nucleoplasm to flow outwards. If the 
rupture is slight, a new membrane is im- 
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mediately formed and the surface once 
again appears intact. 

In the living cells of various somatic 
tissues in Echinocystis, Acanthus, Tropaeo- 
lum and other plants ( Scott, 1943; 1950 ), 
the undisturbed nuclei appear translucent 
and are of maximum volume. The nucleo- 
lus may or may not be visible when the 
nucleus is first distinguishable. It is 


understood that optical emptiness or | 


homogeneity does not necessarily impl 
structural homogeneity ( Delay, 1946-47; 
De Robertis, 


Change in hydration is sufficient to alter 


the visibility of particles and other struc- | 


tural components ( Abele, 1951; Kuwada 
& Sakamura, 1926). In the endosperm 


of Echinocystis the material which later | 


resembles typical chromatin in the nuclear 


net is, during the active functioning of © 


the nucleus, particulate in nature. It 
must be re-emphasized that endosperm 
nuclei are destined for immediate dis- 
integration and resorption and are no 
longer concerned in mitosis followed by 
cell division and tissue formation. In 
marked contrast to this, somatic nuclei 
continue to divide during growth and 
tissue differentiation It is difficult to 
conceive of the orderly process of mitosis 
emerging from what appears to be parti- 
culate chaos. The concept of particles 
as units of structure is at variance with 
the currently accepted concept of chromo- 
nemata as fundamental units. It appears 
probable that, despite the optical empti- 
ness of both endosperm and somatic nuclei, 
particulate structure may be limited to 
the former nuclei prior to their incipient 
disintegration. 

(3) It is evident that optical empti- 
ness of endosperm and somatic nuclei 
may mask structureless particulate flui- 
dity or a reticulum presumably much 
extended. Considering the faint visibi- 
lity of the nuclei when first detected 
microscopically, it seems very probable 
that the living nucleus at its actual maxi- 
mum volume, and presumably its opti- 
mum activity, may considerably exceed 
its visible maximum volume. The water 
content of living nuclei, discussed in pre- 
vious publications (Scott, 1940, 1943, 
1950 ) has been demonstrated recently by 
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Nowinski & Saez, 1948; | 
Ris & Mirsky, 1949; Zollinger, 1948). 
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| Abele using the technique of plasmolysis 


( Abele, 1951). These observations, how- 
_ ever, Were made on nuclei already more or 
less reticulate in structure. I am not aware 
of any technique whereby actual maximum 
volume may be estimated. A corollary 
which follows the observations on the 
content of living nuclei is that a nucleus in 
the reticulate condition may be con- 
sidered moribund. 

(4) In the course of many years a mass 
of data or nucleocytoplasmic ratios has 
been accumulated ( Trombetta, 1942). 
It is well known to cytologists that the 
volume of nuclei in permanent prepara- 
tions may vary markedly with variations 
in fixing, embedding and staining tech- 
niques. The data, consistent for one 
paper or for a series of papers, indicate 
approximately the volume of nuclear 
material in any given cell, and may be of 
more or less significance when the volume 
of chromosomes during mitosis or meiosis 
is being considered. On the other hand, 
when the metabolism of the living cell is 
under consideration, some more precise 
estimate of the actual volume of the 
functional nucleus appears to be of pri- 
| mary importance. 

(5) At microscopic level the nuclear 
membrane of already reticulate endo- 
sperm nuclei appears perforate and is 
traversed by nucleodesmata (Scott, 1950). 
"At submicroscopic level, in the amphibia, 
initial electron microscope studies have 
revealed the dual nature of the nuclear 
membrane in the oocytes of Triturus and 
Xenopus (Callan and Tomlin, 1950). 
Today the principal tool in sub-microscopic 
. morphology ( Frey-Wyssling, 1948 ) is the 
electron microscope. Understanding of 
the mechanism of nuclear movements, 
external and internal, as seen in Echino- 
cystis, necessarily depends on a future 
clear understanding of submicroscopic 
structure. 


I am deeply indebted to Dr. K. C. 
Hamner and Mrs. Margaret Lewis for 
their constructive criticisms during the 
course of this investigation. I also wish 
to thank Miss Elizabeth Baker for her 
assistance with Kodachromes ( unpub- 
lished ) and diagrams. 


Summary 


1. Nuclei along with cytoplasm obtained 
from the turgid cells of the endosperm of 
Echinocystis macrocarpa may be mounted 
directly and examined in the living con- 
dition. The nuclei range in diameter 
from 20-200 u. 

2. Nuclei when first observed are opti- 
cally empty even under phase microscope. 
Sooner or later, seconds or hours, the 
fluidity is indicated by internal move- 
ment, Brownian movement and streaming 
of particles, formation, pulsation and 
translocation of nuclear vacuoles, and 
amoeboid changes of form. 

3. Prior to the absorption of the endo- 
sperm by the developing embryo, the nuclei 
may fragment amitotically into a number 
of daughter nuclei of approximately 
equal volume. Reduction in volume of 
other nuclei is effected by formation and 
breaking away of filamentous pseudopods. 

4. Slowing down and final stoppage of 
internal movement and gradual shrinkage 
in volume proceed concurrently. The 
streaming particles in the network of 
intervacuolar channels precipitate to form 
the characteristic nuclear reticulum. 

5. In the sunflower the nuclei of the 
endosperm, though very much smaller, 
resemble those of Echinocystis in translu- 
cence, nuclear vacuole formation, amoe- 
boid change in form, and the presence of 
particles. Streaming movement, however, 
was not observed in the material examined. 

6. The significance of particulate struc- 
ture is discussed. 
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KYLINIELLA IN AMERICA 


LEWIS H. FLINT 
Louisiana State University, Baton Rouge, La., U.S.A. 


In 1926 the genus Kyliniella was es- 
tablished by Skuja to accommodate a 
freshwater red alga found in Latvia, which 
he designated as K. latvica. The plant 
was considered by Skuja as a member 
of the family Bangiaceae and as such it 
has been included and discussed in the 


second volume by Fritsch on the structure 
and reproduction of the algae. The genus 
has remained monotypic. 

On June 23, 1952, the writer collected 
specimens of a plant having character- 
istics of Kyliniella in a stream near 
Pattee, in the township of Canaan, New 


and microchemistry of ‘4 
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Hamphsire, U.S.A. The plants were at- 
tached to mosses in swift water. Other 
red algae in the same stream and habitat 
were Batrachospermum moniliforme, var. 
scopula Sirod., B. vagum, var. kerato- 
phytum Bory., Tuomeya fluviatilis Harv., 
Sirodotia tenuissima ( Holden ) Skuja and 
Rhodochorton violaceum ( Kuntz.) Hamel. 
On June 26 the stream was re-visited and 
substantial numbers of Kyliniella plants 
were obtained for further study. Some 
_ large stones with attached mosses con- 
taining the alga were removed at this 
time to rapids in Knox river adjacent to 
| the writer’s summer laboratory at Enfield, 
N.H., to permit convenient periodic ob- 
servation. The discovery of this plant 
was followed by an extensive examination 
of mosses in the swift waters of other 
streams of the region. On July 5 the 
Kylimella plant was collected in. Bog 
Brook at Washburn Corners, Enfield, 
| N.H. On July 11 the plant was collected 
in the stream flowing out of Goose Pond, 
in Canaan, N.H. 

Specimens were sent to Dr. Skuja at 
the University at Uppsala, Sweden, who 
identified the plant as definitely Kyliniella, 
either K. latvica Skuja or a new species. 

It became obvious that a detailed com- 
parison of the New Hampshire material 
with the plant described by Skuja as K. 
latvica was in order. Such a project 
‘required continual research throughout 
the summer, since a major point of dif- 
ference involved habitat: K. latvica was 
definitely lacustrine, while the New Hamp- 
‘shire plants appeared to be restricted to 
swift water. In connection with this 
_ study of habitat a careful examination 
was made of the various plants within a 
small pond. Numerous higher plants 
grew in the quiet waters around the 
borders of the pond; but no Kyliniella 
plants were found attached to submerged 
stems. Numerous mosses grew in the 
deeper quiet waters, attached to sub- 
merged rocks; but no Kyliniella plants 
’ were found attached to these mosses, 
Yet Kyliniella plants were present, along 
with other species of red algae, on the 
mosses in the swift water flowing into the 
. pond. At the end of August, when this 
research was discontinued, the following 
description had been derived. 
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Description of American Kyliniella 


The plants were heterotrichous and 
unbranched filaments of cells typically 
arose from adhesive plates of cells at- 
tached to substrates in flowing water; 
occasionally, in the early part of the 
season, the filaments arose from out 
globular pediments of cells. The fila- 
ments were at times few and scattered, 
but typically were at first radiate in 
clusters, minute to a few millimeters in 
height, sub-macroscopic. By the end of 
August they had become loose tangled 
masses of dull gray-green filaments several 
centimeters in length and were brownish 
with ensheathed bacteria and detritus. 
The cells were about 15 u in width, 
pinkish, seriate, and contiguous or sepa- 
rate. Each cell contained several plate- 
like or strap-shaped olivaceous chromato- 
phores and a small, often eccentric, 
nucleus. The trichomes were imbedded in 
a thick mucilaginous sheath ( Fig. 1 ), and 
the growth was intercalary. In early 
stages the trichomes were attenuate 
( Fig. 1), but subsequently they developed 
into extended skeins (Fig. 2) with or 
without rhizoidal outgrowths at points 
in contact with substrates ( Figs. 20-23 ). 
The filaments with age attained a total 
diameter of about 50 u. Early in the 
season terminal portions of some filaments 
became hormogonidial ( Fig. 4) and the 
structures thus released were noted as 
lodging and undergoing unorganized or 
random branching of primitive types 
(Pie. 5.). 

Vegetative reproduction was by mono- 
spores which were produced terminally 
at the bulbous ends of polar cells at 
positions of tension in the filaments 
(Fig. 16). Pronounced irregular twist- 
ing and contortion of portions of the 
filaments preceded the formation of the 
pigmented and spheroid monospores ( Fig. 
17), which were shed by explusion 
through the sheath. The dispersed mono- 
spores sometimes became attached to 
substrate surface, whereupon a thick 
enveloping sheath was produced (Fig. 18). 
The successive division of the protoplast 
resulted in the production of an adhesive 
disk or plate, from which other radiate 
filaments arose. The monospore mother 


Fics. 1-7 — Fig. 1, tuft of young filaments. x 750. Fig. 2, portion of older filament. x 150. Fig. 3, plant with 
short coiled filament. x 150. Fig. 4, region of hormogonidial break in filament. x 750. Fig. 5, branching in hormogonidial 
plant. x 50. Fig. 6, sexual structures developed following injury. x 750. All magnifications approximate. 
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Fics. 8-12, Stages in development of sexual structures from contiguous cells. x 750. Figs. 13, 14, development of 
sexual structures from non-contiguous cells. x 750. Fig. 15, fertilized egg with additional spermatia. x 750. Figs. 16, 17, 
stages in development of monospores. x 400. Fig. 18, establishment of monospores on substrate. x 400. Fig. 19 
casement of old filament following exhaustion of protoplasts in successive production of monospores. x 400. Figs. 20-23, 
forms of rhizoidal development. x 400. Fig. 24, adult filaments on moss. x }. All magnifications approximate. : 


To 
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cells commonly gave rise to a succession 
of monospores, seemingly to the ultimate 
exhaustion and death of the parent 
protoplasts (Fig. 19). 

Sexual reproduction was of two types. 
In one type two adnate cells developed 
respectively into one male and one female 
structure. The male structure lost pig- 
mentation and turgidity, extended as a 
process through the sheath and gave rise 
to an unpigmented spermatium. In the 
meantime the adjoining cell developed 
into a greatly enlarged female structure. 
The spermatium was released in proximity 
to an apparently sensitized region of the 
enlarged cell and fertilization took place. 
Immediately following fertilization the 
spermatium was observed within the 
female structure. The fertilized cell sub- 
sequently became further enlarged, opa- 
que and filled with granular material. 
The structures indicated for this type of 
development have been shown in Figs. 8 
to 12. A similar development was noted 
as a rare occurrence which followed 


_ injury and involved branching (Fig. 6). 


In a second type of sexual reproduction 
the male and female structures developed 
from cells having no obvious or uniform 
positional relationship to each other. 
The male structure included an unpig- 
mented spermatium which developed at 
either end or at both ends of a laterally- 


“elongated cell devoid of pigment and with 


greatly reduced turgor (Fig. 13). The 
female structure was a greatly enlarged 
cell provided with a pronounced tubular 


‘projection which extended through the 


sheath (Fig. 14). One or more of the 


_ spermatia extruded from the male struc- 


ture became agglutinated to the terminal 
portion of the projecting trichogyne. In 
some instances several spermatia were 
noted as adnate to the exterior of a ferti- 
lized female structure (Fig. 15). 

The developments which followed the 
production of the opaque zygote ( Fig. 12 ) 
were not observed, except that these 


* opaque structures were found isolated on 


nearby substrate surfaces late in the 
season. As a speculation it is suggested 
that these might undergo subdivision into 


_ carpospores and germinate im situ subse- 


quently to yield the tufts of filaments 
noted rarely in the June collections as 


arising out a pediment of cells. In the 
June collections also there was noted the 
rare occurrence of short coiled filaments 
( Fig. 3), in which the individual proto- 
plasts became appreciably isolated, in 
part by sheath constriction and in part by 
aggregation as spheroid masses. These 
protoplast masses were opaque and con- 
torted, but appeared to have two or four 
segments (Fig. 7). Within these coiled 
filaments there were noted empty sheath- 
casements, in which loose flaps of material 
indicated a disruption and a departure 
(Fig. 7). During July and August no 
similar structures were found. It is 
suggested that the plants with coiled 
filaments were tetrasporic. 


Discussion 


It is of interest to note from the fore- 
going description that the reproductive 
structures bear similarities to those to be 
found in the related genera Erythrotrichia 
and Porphyra. It is recognized that the 
evidence for tetraspory is inadequate. 
By analogy with such plants as Rhodo- 
chorton, in which the incidence of tetra- 
spores is rather restricted to the colder 
months, further examinations of early- 
season material become indicated. It is 
recognized also that the carposporic stages 
have not been established. Thus there 
remain intriguing phases of this-interesting 
plant to challenge further research. 

In regard to taxonomy, it is clear that 
the American plants have several features 
which are in contrast to the Latvian plant 
described by Skuja: several chromato- 
phores instead of one; an absence of 
secondary attachment discs and, there- 
fore, the absence of a “ stoloniferous ”’ 
habit; a flowing water habitat instead of a 
lacustrine one. At present the inade- 
quacies of information relating to both 
plants preclude strict comparison and 
seem to justify the tentative consideration 
of the American plant as a form of K. 
latvica Skuja. 


Summary 


In 1926 the genus Kyliniella was es- 
tablished by Skuja to accommodate a 
freshwater red alga which he designated 
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as K. latvica, and since that time no other 
species of the genus has been described. 
This paper reports the discovery in the 
United States of plants of this genus and 
describes the material found during the 
summer of 1952. The description con- 
tains several points of departure from 
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K. latvica, but uncertainties remain re- 
garding some features of both the Euro- 
pean and the American plants. For the 
present the plant here reported and des- 
cribed is designated as a form of K. 
latvica Skuja, family Bangiaceae, order 
Bangiales. 
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THE DURIAN THEORY —A CRITICISM 


JOHN PARKIN 
Blaithwaite, Wigton, Cumberland 


Under the arresting title of The Durian 
Theory or the Origin of the Modern Tree, 
Dr. Corner (1949) has recently put for- 
ward new ideas as to the characters of the 
primitive angiospermous tree based large- 
ly on whether the seed possessed an 
aril. The paper could have borne some 
such title as “ The, arillate theory as 
applied to the origin of the modern 
tree ’’, but he chose a more striking one. 

While engaged on the staff of the Singa- 
pore Botanic Gardens he no doubt soon 
familiarized himself with that remarkable 
Malayan fruit, the Durian ( Durio zibelhi- 
nus ) and perhaps enjoyed, as I have done, 
partaking of its delicious custard-like 
pulp — the aril in fact — which surrounds 
the large seeds, providing he could with- 
stand the fetid odour emitted by the fruit. 
By way of being reminiscent and to illus- 
trate the pervading character of the odour, 
while I was working under Dr. J. C. Willis 
at the Peradeniya Botanic Gardens in 
Ceylon — years ago now — the manager 
of the private hotel at Kandy where I 


was staying was anxious to try the fruit. 
So one evening during the durian season 
I took a fruit back with me on my bicycle 
and let it loose as it were in the hotel. 
The next evening the manager came to 
me and said he had an exciting time all 
day with his visitors assuring them that 
there was nothing wrong with the drains 
and explaining the cause of the mal- 
odorous atmosphere ! 

Hence perhaps the “ sportive ”” charac- 
ter of this fruit induced Dr. Corner to use 
it in the title to attract attention, though 
his paper is more concerned with the 
Leguminosae which have the more pri- 
mitive type of gynaecium — the apocar- 
pous — whereas Durio is syncarpous. In 
any case his views will doubtless take 
their place in botanical literature under 
the brief title of “ The Durian Theory ”. 

In the elaboration of this theory Dr. 
Corner appears — at any rate to me— 
to be up against prevailing notions regard- 
ing several aspects of angiospermous 
evolution, such, for example, as bear on 


» 


‘exterior to these — the aril. 
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the origin of the succulent fruit and the 
compound leaf, the change in the vascular 
structure in the passage from tree to herb 
and last but not least in the position in 
classification of the Monocotyledons with 
regard to the Dicotyledons. Within 
reason this is not to be regretted. It 
prevents us from becoming too com- 
placent in these matters and gives us a 
shake-up and so an opportunity to test 
our grounds. 


The Aril and Succulency 


The possession of an aril as a primitive 
feature of the angiospermous seed has 
received substantial support from Sporne’s 
(1949) mathematical approach to the 
problem of the primitive flower. This 
approach, though distinctly interesting 
and worthy of full consideration, is not in 
all its aspects free from criticism, as I 
have endeavoured to show ( Parkin, 1952 ) 
regarding the unisexual flower. How- 
ever, respecting the aril it is significant to 
note that of the families listed as arillate 
there is only one mentioned in the Sympe- 
talae, viz. the Hydrophyllaceae. Corner 
mentions in addition the Apocynaceae. 
We still, even in these days, regard sym- 
petalous families as on the whole an 
advance on the polypetalous ones. Hence 


‘the distribution of arils among Dicoty- 


ledons may be taken as a strong point in 
favour of regarding it as an original coat- 
ing to the angiospermous seed, or at least 
to some of them. 

Corner argues convincingly that in these 


instances (and there are many) where 


the aril is inconspicuous it is vestigial 
rather than a new growth in its initial 
stage of development. Thus we are 
somewhat driven to the conclusion that 
in early flowering plants, or at any rate 
in some of them, the seed was enveloped 
in three coats — the hitherto recognized 
inner and outer integuments and one 
It is usual 
to imagine that the two integuments 
function largely as protective coverings 


to the seed, but their double character 


has probably had a very long history. 
However, to speculate here is outside the 
limits of this paper. 
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What then may be asked is or was the 
prime function of the arils? Considering 
their often pulpy and succulent character 
and not infrequently bad odour as well 
there can be little doubt that they prove 
attractive to animals — birds and mam- 
mals in particular — and so assist in the 
distribution of the seeds of those plants 
possessing them. 

Van der Pijl (1952) in criticizing 
Corner’s paper treats the aril largely 
from the ecological side and considers it 
to be of no phylogenetic value, dismissing 
Corner’s views as “ fantastical’’. Inter- 
esting though his paper is regarding the 
dispersal of tropical edible fruits and seeds, 
he evades the main points of Corner’s 
theory. 

Can it be, we may ask, that in times past 
succulency for seed distribution was 
evolved first in the outer coating of the 
seed and later transferred to the ovarian 
wall on the closure of the carpel? Aril- 
late seeds, as Corner points out, are often 
highly coloured — red predominating — 
and this would make them particularly 
noticeable to birds. It is possible that 
this coloration may have been retained 
here and there when no longer functional. 
The coloured seeds of Magnolia and 
Paeoma are suggestive here. Tropical 
vegetation as regards seed distribution 
is still largely a virgin field. Apparently 
from Corner’s figures 50 per cent of tro- 
pical trees have fruits edible to animals. 

In brief Corner considers primitive 
angiospermous fruits as consisting of 
follicles and capsules with large black 
seeds covered with red or yellow arils and 
with long funicles which allow them when 
ripe to hang out of the carpel walls. His 
paper deals largely with leguminous fruits 
and it is to be inferred that he considers 
the dry dehiscent pods so markedly 
exemplified in temperate Leguminosae 
as to have come from large fleshy tropical 
arillate ones. 

I feel inclined to put in a caveat here. 
What we seem to be up against is the 
origin of succulent fruits generally. Have, 
for example, the berry and drupe pre- 
ceded the follicle, achene and capsule, 
or has the evolution been usually in the 
opposite direction? The evidence would 
seem to favour the latter. To take a few 
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instances, in the large family, the Ranun- 
culaceae, succulent fruits are conspicuous 
by their absence. The genus Actaea 
is an exception, its single carpel ripens 
into a berry. It is not difficult to imagine 
its derivation from a single-carpelled 
follicular Cimicifuga. Some species of 
Cimicifuga have more than one carpel — 
a less evolved state. Actaea then would 
seem to be the climax in this evolutionary 
line. In the Resedaceae there is a small 
genus, Ochradenus, with a berry-like fruit. 
It is advanced as regards its floral features, 
so succulency looks as if derivative from 
the dry condition of the fruits of the other 
genera. The genus Hypericum is interest- 
ing too in this connection. Dry dehiscent 
capsules are the rule, but the fruit of the 
tutsan (H. androsaemum ) is exceptional 
in being indehiscent and juicy, looking 
as if it is on the way to becoming a full 
berry. 

The above examples are given by way 
of illustration. It is not necessary to 
labour this further as regards the Dicoty- 
ledons except to refer to the Solanaceae, 
as perhaps here there might be evidence 
the other way. Wettstein in his account 
of this family in Engler & Prantl refers 
to the fruit as showing several intermediate 
stages between berries and capsules. He 
is not dogmatic as to which form of fruit 
is primitive, though the way his remarks 
run rather suggests capsule from berry. 
A closer and detailed investigation of the 
fruits of this family might solve the 
question. 

Turning to the Monocotyledons the 
evidence would seem also to point to 
succulency of the fruit following the dry 
condition. The Helobieae, often placed 
at the base of the Monocotyledons, are 
remarkably free of succulent fruits. The 
marine Posidonia would seem to be the 
one exception through having a fleshy 
fruit. Hutchinson (1934, p. 43) con- 
siders this little known genus of two 
species as a climax one. In the Liliales 
there are some berried genera — mostly 
in what may be considered advanced 
groups. Aspidistra has berries and accord- 
ing to Hutchinson (1.c. p. 92) leads to the 
Araceae — characterized by having suc- 
culent fruits as a rule. The Dioscorea- 
ceae are interesting too. Tamus, which 
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cannot well be considered a primitive 
genus, has a succulent fruit whereas the 
other genera have dry ones. The bam- 
boos, on the other hand, might be brought 
forward as pointing in the other direc- 
tion as they are generally considered 
respecting their flowers as the most pri- 
mitive of grasses. In fact the Bambuseae 
might almost rank as a sub-family of the 
Gramineae. This group is the only one. 
to have developed a succulent fruit occur- 
ring in a few ‘genera, e.g. Melocalamus 
and Ochlandra, but it is not easy to believe 
that such a form of fruit is primitive for 
the Bambuseae as a whole. 

Hence considering the probable deri- 
vative origin of succulency in the fruits 
of both Dicotyledons and Monocotyledons 
it would be as well for Corner to give this 
his attention. Probably he has. It does 
not really touch his theory fundamentally — 
as it has largely to do with the succulent 
character of the aril and its transference 
at times to other appendages of the seed. 
But its transference to the ovarian wall 
is another matter. 

One gathers from his paper that he 
would agree that the primitive pod or 
capsule when ripe would be dehiscent to 
expose the arillate seeds. He also stresses 
the character of the carpel wall as coloured 
and fleshy. To quote from his Summary 
(p. 414): “ Taking the Durian ( Durio 
zibethinus ) as the type of fruit, and using 
the Leguminosae, particularly, for exem- 
plification, as well as Carica, Artocarpus, 
Aesculus and Castanea, it is argued that 
the primitive angiospermous fruit must 
have been a red fleshy follicle, probably 
spiny, with large black seeds hanging on 
persistent funicles and covered with a 
red aril.” If the aril is the attractive 
part why, may we ask, should the wall of 
the follicle be red and fleshy? Perhaps 
the colouring can be considered as adding | 
to the noticeability of the fruit. The 
fleshiness can hardly be accounted as 
edible if the follicle be spiny. 

In another part of his paper ( p. 388) 
he states that: “ The primitive legumi- 
nous fruit was a cluster of large, many- 
seeded, red fleshy pods with black seeds, 
each covered by a red aril and hanging 
out on a long funicle. Perhaps the pods } 
were spiny...’ Apparently there are: 


such as papaws 


this is unduly straining atavism ? 
_ sides it is up against what is known as 


| its development. 
| “We are faced, however, with the diffi- 
cult problem of accounting for the origin 
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no existing spiny pea pods. Spininess 
as a primitive character would seem then 
a little forced. Also fleshy red-coloured 
pods might be better considered as deri- 
vative from dry ones; otherwise one is 
rather forced to the conclusion that the 
prevailing dry, uncoloured pods of legu- 
minous plants of temperate regions have 
come from succulent ones. 


The Primitive Tree of the Tropical 
Forest 


From a study of the fruits of tropical 
trees Corner comes to the conclusion that 
these were primitively large in size and 
would, therefore, require stout stems to 
bear them. He then proceeds to picture 
what a primitive angiospermous tree 
would look like and argues back with 
much ingenuity to a Cycadean-like one 
as the original type. 

To enforce and illustrate his views he 
uses what one might call the eclectic 
method, picking out plants here and there 
(Carica), bottle-trees 
( Adansonia ), cacti, tree-senecios, tree- 
lobelias, palms, screw-pines ( Pandanus ), 
etc., which cannot for the most part have 
any close relationship to each other, 
though they may have some structural 
features in common. Apparently it can 
hardly be maintained that all of these 


‘plants so widely separated taxonomically 


can have retained some archaic features 
in common. Is it then to be inferred 
that they have independently shown a 


reversion to an earlier type? Surely 
Be- 


Dollo’s “ law of loss ”. 
These plants, or rather some of them, 


were made the subject of a Linnean 
_ Presidential Address a few years ago 
| (Cotton, 1944). 


He refers to them as 
megaphytes and has particularly studied 


' then as exemplified in the tree-senecios 


of the African mountains. From his 


“remarks one gathers that he does not 


consider that there is anything primitive 


about this habit, but rather that cer- 


tain conditions have been conducive to 
Tor quote (ps 167): 
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of this unusual type of growth and for its 
restriction to a very few genera.”’ Corner 
has a solution. It is ingenious but can 
we accept it? 

The anatomy of these stems differs 
considerably from that of the usual 
dicotyledonous tree. There is little cam- 
bial activity, but instead a great develop- 
ment of cortex and pith. To meet this 
Corner believes that the primitive angio- 
spermous tree had a very parenchymatous 
xylem and a large pith. He has some 
support here from the structure of the 
cycadean stem, but he is up against the 
plant anatomists and he recognizes this. 
They regard the passage from the woody 
to the herbaceous stem as being brought 
about by the substitution of parenchy- 
matous for fibrous tissue. However, we 
know little as yet about the structural 
alterations involved in the passage from 
tree to herb and one might add in the 
reverse order where this may be supposed 
to have happened. 


The Compound Leaf 


Dr. Corner is strongly of the opinion 
that the primitive angiospermous leaf 
was compound. Simple leaves may be 
imagined as arising by reduction and 
perhaps also by webbing. Here it seems 
we must distinguish carefully between 
what might be the original type of leaf 
at the angiospermous level from that 
borne by the presumed pteridospermous 
(cycadofilicean ) ancestors. Most likely 
these latter would have had much branch- 
ed leaves after the fern frond pattern. In 
the Bennettitales and living Cycadales 
these have apparently been reduced to 
the simple pinnate form with the excep- 
tion of the cycad, Bowenta, which has 
twice pinnate leaves. 

What then may we ask was the original 
form of leaf possessed by the earliest 
Angiosperms? We are quite in the dark 
here so far as the rocks can help us. The 
earliest Angiosperms so far discovered as 
fossils were almost as varied as the 
present-day ones, thus giving us little or 
no hint as to primitive characters gene- 
rally. We must, therefore, at present 
endeavour to glean these for the most 
part from existing flowering plants. 
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Corner sees evidence, or at least comes to 
the conclusion by inference, that the 
earliest form of leaf must have been 
compound. 

Some time ago as an exercise I worked 
through the families of the Dicotyledons 
to see if one could formulate a type of 
simple leaf from which in a general way 
most other shapes could be derived. 
From this study a simple oval-shaped, 
pinnately veined leaf was conceived as a 
possible starting point and from it by the 
following main steps other forms could 
be derived. The first change could be 
the broadening of the lower part of the 
lamina to produce an ovate leaf with 
perhaps also a cordate base and at the 
same time a change in the venation from 
pinnate to palmate. Then follows the 
lobing of the lamina. A 3-lobed lamina 
would appear often to precede a 5-lobed 
one. By the deepening of the lobing to 
the base a palmate compound leaf would 
be reached. By the interpolation of a 
rhachis this would become ultimately a 
pinnate compound one. 

That something of the kind has taken 
place in the evolution of the leaf in certain 
genera seems obvious. Two large and 
familiar genera may be cited, Acer and 
Rubus. In the former genus the few more 
or less evergreen species, such as Acer 
fargesii, A. laevigatum, A. niveum and 
A. oblongum, have for the most part simple, 
somewhat oval unlobed leaves. These 
species are tender for the British climate. 
At the other extreme there is the hardy 
Acer negundo with compound pinnate 
leaves and next to it a few Far Eastern 
species with trifoliate compound leaves. 
The large majority of species have simple 
palmate leaves which are variously lobed. 
Rubus is not so striking in this con- 
nection though not without interest. 
Several Far Eastern species are evergreen 
shrubs and most of these have simple, 
unlobed leaves. The laminar evolution 
here would seem also to proceed from 
such leaves through lobed ones to com- 
pound palmate and eventually to pinnate 
compound —- familiar to us in our bram- 
bles and raspberries, 

Considering that in these two genera 
taken by way of illustration the simpler 
leaves appear to belong to less hardy 
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species bordering on the sub-tropical this 
might in a minor way be used as an argu- 
ment in favour of the primitiveness of the 
simple leaf. A critic might at once bring 
forward the sub-arctic cloudberry (Rubus 
chamaemorus ) as having simple though 
lobed leaves. It does, however, occupy 
a sub-genus to itself. 

In Corner’s opinion laminar evolution 
has taken a course opposite to what is, 
expressed above. By reducing the axis 
of the compound pinnate leaf he considers 
the palmate is reached. That is to say 
the palmate results from the suppression 
of the rhachis. 

Notwithstanding the title of his paper 
Corner deals very largely with that very 
extensive order, the Leguminosae, and 
rightly so as it is the most prominent 
group of plants in the tropical forest 
( Richards, 1952, p. 221). Furthermore _ 
it has retained the primitive, ie. the 
apocarpous, form of gynaecium. Though 
this is reduced for the most part to a 
single carpel there is little doubt that it 
was preceded by one with many free 
carpels of the follicular type.  Archidend- 
ron, as pointed out by Corner, belonging : 
to the Mimosaceae! (the least evolved 
florally of the three leguminous families ), 
has five to fifteen carpels to a flower. 

The Leguminosae standing somewhat 
isolated with no near relatives, unless it 
be to the Connareaceae, has influenced 
Corner to the extent that he thinks it 
might occupy a sub-division of the 
Dicotyledons of a higher rank than even 
Order. It seems he has here the best 
argument for his contention that the 
primitive angiospermous leaf was com- 
pound. The Leguminosae as a whole 
have compound leaves and the Mimosaceae 
most so being often bipinnate. Any 
simple leaves in this great group may be 
regarded as reductions. If Corner can ! 
prove that such highly compound leaves 
have retained a primitive condition, 
then we may be inclined to change over 


1. Hutchinson’s system is here adopted 
whereby the Leguminosae is raised to the rank 
of order and divided into the three families — 
the Mimosaceae, Caesalpineaceae and Papilion- 
aceae. It may be a moot point whether such a. 
newly constituted order should not have now 
the ending — ales. 
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from regarding the simple leaf as pre- 
ceding the compound one at the angio- 
spermous level of evolution. 

In considering the evolution of the 
angiospermous foliage leaf we should also 
take notice of Sinnott and Bailey’s ( 1914 ) 
conclusion from nodal anatomy that the 
primitive angiospermous leaf was trilobed. 
Parkin ( 1948 ) has ventured a speculation 
that if so the two lateral lobes may have 
become modified as stipules for protective 
purposes and that the middle lobe became 
transformed into the simple oval leaf. 

Foliar morphology has not perhaps 
received the attention it deserves both 
from the phylogenetic and causal stand- 
points. 


Monocotyledons 


It is here that we pause and hesitate 
the most to follow Dr. Corner. In fact 
we were inclined to gasp when we first 
read in his paper that the lack of a tap 


| root and of normal secondary thickening 


in the Monocotyledons are considered by 
| him to be primary features and not deri- 
_ vative through loss. He is quite aware 
that here he is up against current notions 
respecting the origin of this great group 
of flowering plants. He is apparently 
driven to these conclusions by seeing in 
‘palms and such like arborescent Mono- 
cotyledons a likeness to his hypothetical 
ancestral cycadean-like angiospermous 
tree. He imagines palm forests preceding 
dicotyledonous ones; and the problem 
to him is not how the Monocotyledons 


|. diverged from early Dicotyledons, but 


rather how the former turned into the 
latter. 

There was a time, perhaps we might 
say half a century or so ago, when the 
Monocotyledons were considered the less 
evolved group. Campbell (1895) for 
instance in the concluding chapter of his 
Mosses and Ferns on relationships: sug- 
_ gests a direct connection between I[soetes 
and Monocotyledons and so regards the 
| Monocotyledons as the more primitive 
À of the two divisions of the Angiospermae, 
. giving rise later to the Dicotyledons. No 
| one at the present time, I imagine, would 
| attempt to uphold such a relationship. 
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However, for a time the Monocotyledons 
tended in descriptive accounts and floras 
to precede the Dicotyledons, suggesting 
an earlier type of flowering plant. But 
more recently the opposite arrangement 
has had the preference. Hutchinson’s 
(1926 & 1934) Families of Flowering Plants 
is a notable instance marking one might 
almost say a landmark in taxonomy. 

Palaeobotany as yet helps us little if 
at all as to which group preceded the 
other. For the most part at present 
we must be content with the examination 
of existing plants and so form our judge- 
ment from these. 

In the first place it looks more probable 
that the single cotyledon was preceded 
by plants with two cotyledons. It is 
still not quite clear how the two became 
one, but the suppression of one seems 
to me the most reasonable view to take. 
The absence of a tap root or rather the 
early check to the growth of the radicle 
may be explained on the suggested aqua- 
tic, or perhaps better sub-aquatic, origin 
of the Monocotyledons. Then the lack 
of interfascicular cambium followed by 
secondary thickening after the dicotyle- 
donous fashion can be explained on the 
supposed origin of Monocotyledons from 
herbaceous Dicotyledons. The possible 
link here between the Ranales (sensu 
stricto ) and the Helobieae is impressive. 
The presence here and there in Mono- 
cotyledons of traces of intrafascicular 
cambium seems best explained as vestiges 
and not as new developments in the 
initial stage. 

At the same time we have the puzzling 
groups of arborescent Monocotyledons to 
explain. Here Corner with his theory 
has an opening. He sees in palms, 
Pandanus and the like examples still per- 
sisting of the primitive angiospermous 
tree. At present I am more inclined to 
regard these as secondary tree forms 
preceded by the herbaceous habit. To 
regain the woody state after the loss of 
the dicotyledonous mode of thickening 
new measures have had to be adopted, 
hence the unusual types of stem thicken- 
ing shown, e.g. in Dracaena and the palms. 
Hutchinson (1934) in his arrangement 
does not mince matters. In his specu- 
lative tree (p. 7) he has palms and 
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Pandanus following each other from 
Yucca, Dracaena, Agave and the like 
ending in the Cyclanthaceae as the 
climax family. 

To conclude this part of my criticism 
it is obvious that the origin of the Mono- 
cotyledons is only less of a puzzle that the 
origin of the Angiospermae as a whole. 
The trimerous character of the mono- 
cotyledonous flower as compared with 
the pentamerous one of the Dicotyledon 
does look as if trimery was the earlier 
form of floral merism and has been 
retained in the Monocotyledons. Trimery 
is common also in the Ranales suggesting 
a connecting link here between the two 
groups; and it is here also that we might 
study the passage to pentamery. 


Seed Dormancy 


One suggestion put forward by Corner 
as characterizing the early angiospermous 
seed was its probable lack of dormancy. 
I am quite willing to admit that this may 
have been the rule, though naturally we 
have no direct proof of this. It may be 
inferred from the fact that many tropical 
tree seeds soon lose their germinating 
power. This was well illustrated when 
the British Government desired late last 
century to introduce to the Tropical East 
the Amazon rubber tree ( Hevea brasi- 
liensis). Seeds had to be shipped as 
quickly as possible across the Atlantic 
to be germinated in the hothouses of Kew 
Gardens and then transported as seedlings 
to Ceylon and Malaya. The vitality of 
the seed would not have survived the 
longer direct voyage to the East. The 
aeroplane naturally solves any difficulty 
that way now. 

But as regards the lack of dormancy 
of tropical tree seeds it may be as well to 
bear in mind the fact that oily seeds lose 
their germinating power more quickly 
than starchy ones. The former are parti- 
cularly characteristic of tropical plants — 
Hevea itself is one example. Then we may 
ask whether tropical leguminous seeds are 
usually oily in contrast to the starchy 
ones of temperate regions — our peas and 
beans come to mind. If not oily what 
about their germinating retentive powers ? 
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Some leguminous seeds are noted for 
retaining their vitality for years. 


Monocauly, Monocarpy and Cauliflory 


Dr. Corner considers his primitive tree 
to have been stoutly and feebly branched 
( paucicaulous ), even to being originally 
single-stemmed ( monocaulous ). It is not 
unlikely that primitive angiospermous | 
trees were more sparsely branched with 
stouter limbs than the majority of present 
day ones. If the form of growth shown 
by existing cycads and palms is to be 


reckoned as originally characterizing the | 


tropical forests of the past, then there 
may be some truth in Corner’s contention. 
We have hitherto been apt to look upon 
such forms as aberrant and bordering on 
the grotesque, and as by no means typi- 
fying the ancestral tree, but it may be 
otherwise. 

It may be as well here to take into 
consideration that some of the Bennet- 
titales such as Williamsoniella and Wie- 
landiella appear to have had repeatedly 
forked, slender stems — a contrast to the 
stumpy, unbranched habit of the genus 
Bennettites itself. Personally I should 
be inclined to consider the former as the 
less evolved and so to have the more 
primitive habit. 

Another point to be mentioned res- 
pecting Corner’s ancestral tree is the 
arrangement of the leaves on the stem. 
He thinks they were primarily arranged 
spirally and not decussately (I agree ) 
and at the same time were emitted in 
close succession, i.e. with practically no 
internodes as happens in existing cycads. 
Here one is inclined to hesitate. Bennet- 
tites had leaves so arranged, but judging 
from Hamshaw Thomas’s restoration of 
Williamsoniella internodes between the 
leaves were a comparatively prominent 
feature in this plant, suggesting that the 
close packing of leaves as shown by the 
cycads may not have been such an 
ancestral feature of the angiospermous 
tree as Corner would have us to believe. 

Corner also strongly hints that mono- 
carpy —a long period of vegetative life 
ending in a big outburst of flower and 
seed and then death — was probably a 
somewhat primitive habit. This is exem- 


‘different 
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plified at the present time particularly by 
some Monocotyledons, e.g. the so-called 
century plant ( Agave ), the talipot palm 
and several bamboos. Wieland, the elu- 
cidator of the fructification of Bennet- 
hles, even suggested that such plants 
might have behaved in this way. We 
have hitherto been inclined to look upon 
such forms as exceptional and derivative 
— kind of deferred annuals one might call 
them — and by no means primitive in 
habit. Corner endeavours to turn our 
thoughts otherwise. ; 
Cauliflory — flowering from the main 
Stem — need not concern us at an 
length. He believes it is a derived rather 
than a primitive character (I agree ), but 
at the same time he considers it inti- 
mately associated with large fruits which 
require stout stems to carry them. He in- 
stances the jack-fruit ( Avtocarpus integri- 
folia) in contrast with the smaller bread 
fruit (A. incisa) which is borne in a 
normal manner. Though cauliflory is 
recognized as derivative it is to be noted 


_ that it is almost confined to the tropical 


rain forest, suggesting that this forest 


is not primitive in all its aspects as com- 


pared with temperate ones, but has 
evolved its own peculiarities. 

There is one more point to mention 
respecting Corner’s views on the evolution 


of angiospermous tree forms. He draws 


“a distinction between megaspermous and 


microspermous trees and considers tem- 
perate trees exhibiting these two con- 
trasted seed characters as having taken 
lines of evolution from the 
tropical forest. The validity of this 
appears questionable as there seem to 


_ me to be all kinds of gradations in size of 


seed among trees of temperate climates, 
but I may not here have fully grasped 
his meaning. 


Summary 


A good case is considered to have been 
made out for regarding the aril as an 
original coating to the angiospermous 
seed. It is suggested that in times past 
succulency for seed distribution was 
evolved first in the outer coating of the 
seed and later transferred to the ovarian 
wall on the closure of the carpel. 
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The so-called megaphytes ( tree-lobelias, 
tree-senecios and the like ), considered by 
Corner as primitive in character, would 
seem to be rather of recent evolution and 
so derivative. 

Corner’s view that the angiospermous 
foliage leaf was primitively compound is 
questioned with the proviso that a dis- 
tinction should be drawn between the 
original form of leaf at the angiospermous 
level and that borne by the presumed 
pteridospermous ancestor. On these 
grounds it is argued that simple leaves 
preceded compound ones among angio- 
sperms. Examples are given showing the 
passage from simple oval leaves through 
palmate types to pinnately compound 
ones. This is opposite to Corner’s stand- 
point who derives the palmate from the 
pinnate through the suppression of the 
rhachis. 

Corner’s views regarding the evolu- 
tionary position occupied by the Mono- 
cotyledons are very difficult to accept. 
The arborescent types — palms and the 
like — he holds as showing relationship 
to his ancestral cycadean-like angiosper- 
mous tree. In opposition to this idea 
stress is laid on the peculiar nature of 
thickening in these monocotyledonous 
trees — a contrast to the secondary 
thickening of the dicotyledonous stem — 
suggesting that such tree forms have 
arisen from herbs and are not primitive 
in character. 

Corner also strongly hints that mono- 
carpy may have been a primitive habit 
and apparently considers Monocotyledons 
showing this, e.g. the century plant 
( Agave ) and the talipot palm, as having 
retained an archaic feature. It would 
perhaps be more appropriate to regard 
such plants as of the nature of deferred 
annuals and so by no means primitive in 
habit. 

Regarding Corner’s idea that leaves 
were originally closely set on the stem 
devoid of internodes, it is pointed out 
that the bennettitalean Walliamsoniella, 
for instance, had apparently well marked 
internodes, suggesting that this form of 
foliar arrangement preceded the closely 
set leaves on Bennettites itself. 

Comments are also made on seed- 
dormancy and cauliflory. 
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Dr. Corner has turned out thoughts 
anew on the vexed question of the origin 
of Flowering Plants by putting forward 
these novel ideas on the form of the 
ancestral angiospermous tree and we are 
grateful for them. The subject is an 
absorbing one for those who have a 
leaning towards phylogeny and do not 
wish to be damped by the cry of cui bono. 

I wish here to express my thanks to 
Dr. Corner for allowing me to see papers 
and MSS. bearing on the subject of this 
criticism and particularly for the loan of 
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Richards’ recently published compre- 
hensive work on The Tropical Rain Forest. 
He thereby shows his magnanimity 
towards one who is yet to be convinced 
of the validity of his theory in all its 
aspects. 

My grateful thanks are again due to 
Miss Lorna I. Scott, M.Sc. of the Botanica] 
Department of the University of Leeds 


for so kindly typing the manuscript and. 


for several suggested improvements in the 
wording which have in the main been 
adopted. 
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THE EMBRYOLOGY OF ZIZYPHUS ROTUNDIFOLIA LAMK. 


NIRMAL ARORA 
Department of Botany, University of Delhi, India 


Introduction 


Of the 40 or more species of Zizyphus, 
the embryology of only three has so far 
been investigated. None of these investi- 
gations is complete and the mode of 
embryo sac development has been reported 
to be variable; Polygonum type in Zizy- 
phus jujuba and Z. oenoplia ( Srinivasa- 
char, 1940); and Allium type in Z. sativa 
( Chiarugi, 1930) and Z. jujuba ( Kajale, 


1944). In a recent study, Dolcher (1947 ) 
has reported the Polygonum type in 
Colletia cruciata, C. spinosa, Rhamnus 
alaternus, Paliurus aculeatus and Hovenia 
dulcis. The embryo sac of one species, 
Zizyphus jujuba, is stated to be of the 
Polygonum type by one author ( Sriniva- 
sachar, 1940) and of the Allium type by 
another ( Kajale, 1944). 

Juel (1929) made a detailed study of 
the morphology of the ovary and ovule 
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A new approach to the 


| lateral veins ( Fig. 1B). 


=1953 | 


in Ceanothus americanus, Rhamnus cathar- 
tica and R. frangula.  Souèges (1939, 
1941) gave an account of the embryo 
of Ceanothus azureus and Rhamnus 
frangula. 

The present work was undertaken at 
the suggestion of Prof. P. Maheshwari 
with a view to studying the course of 
events concerned with gametogenesis 
and embryogeny in Zizyphus rotundi- 
folia. 


Material and Methods. 


In the beginning some imbedded mate- 
rial and prepared slides were very kindly 
passed on to me by Prof. Maheshwari. 
Subsequently more material was collected 
from the Delhi Ridge and fixed in for- 
malin-acetic-alcohol after removing the 
sepals and petals. Some buds were 
_ softened with 5 per cent hydrofluoric acid 
| in 70 per cent ethyl alcohol for five days. 
The customary methods of dehydration 
and imbedding were followed. Sections 


| were cut 8-12 thick and stained in 


Heidenhain’s iron-haematoxylin and in 
safranin-fast green. Both of these combi- 
_ nations gave satisfactory results. Aceto- 
carmine smears of anthers were also 
examined. 


External Morphology 


The flowers are in compact axillary 
cymes. Figs. 1A-D show the relative 
disposition of the floral parts in Ls. and 
‘t.s. The five sepals are keeled within, 
and have one median and two small 
The petals are 
cucculate, covering the stamens com- 
pletely (Fig. 1B). The glandular disc 
(Fig. 1A), which is 10-lobed in cross- 
section (Fig. 1C), is very conspicuous. 
The stamens are opposite the petals. 
The semi-inferior bilocular ovary has one 
basal, anatropous ovule in each loculus 
(Figs. 1A, 1D). The ovary is continued 
above into two styles which are fused in 
the lower part and end in a glandular 
stigma. The narrow stylar canal reaches 
up to the middle of the style only, and is 
surrounded by transmitting tissue ( Figs. 
1A-C). Mucilage cavities are distributed 
in all parts of the flower. 
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Observations 


MICROSPOROGENESIS AND MALE GAMETO- 
PHYTE — A young anther lobe shows the 
microspore mother cells surrounded by a 
glandular uninucleate tapetum, two middle 
layers, an endothecium and the epidermis. 
The tapetal cells subsequently become 
bi- or even tri-nucleate and degenerate 
before the separation of the microspores 
from the tetrads. The two middle layers 
break down during the reduction divisions. 
The endothecium shows the usual fibrous 
thickenings at maturity. 

As in Rhamnus (Erdtman, 1943) the 
pollen grains are somewhat triangular 
and have a smooth exine with three germ 
pores. They are shed at the two-celled 
stage, as also in Colletta spinosa, C. cru- 
ciata and Paliurus aculeatus ( Dolcher, 
1947). Germination of the pollen grains 
was observed im situ as well as on the 
stigma, but no nuclear details could be 
made out. 

OvuLE — The bilocular ovary has a 
single, basal, anatropous, bitegmic ovule 
in each loculus. The nucellar primor- 
dium arises as a protuberance on the 
glandular placenta. It begins to curve 
as soon as the primary parietal cell has 
been cut off. Both the inner and the 
outer integuments have already been 
initiated at this time at the base of the 
nucellar primordium (Fig. 2).: The outer 
integument grows beyond the inner and 
forms the micropyle. The inner integu- 
ment is three-layered but tapers at the 
apex. The outer is four-layered but be- 
comes six-layered in the micropylar region. 
As in Zizyphus jujuba ( Kajale, 1944) and 
probably also in Z. sativa ( Chiarugi, 
1930 ), the funicular vascular trace curves 
round the ovule and reaches up to the 
apex of the outer integument on the distal 
side ( Figs. 3-6). After fertilization the 
inner integument becomes broader in the 
lower and middle regions ( Fig. 5). The 
outer epidermis of the outer integument 
and the inner epidermis of the inner 
integument become cutinized. 

The nucellus is somewhat cone-shaped. 
Due to the formation of several parietal 
layers it develops a prominent beak which 
protrudes outside the micropyle at the 
time of fertilization (Fig. 4). 


Fic. 1 — Morphology of the flower (a, anther; c, sepal; d, disc; f, filament of anther; 


p, petal; s,style). A, 
o marked in A. X34. 


Mucilaginous cavities are well deve- 
loped in the ovary wall. They are first 
formed by the separation of individual 
cells; but as they increase in size, the 
adjacent cells are disorganized. Calcium 
oxalate crystals are abundantly distri- 
buted in the cells of the ovary wall as 
well as in the integuments. 

There is a well-defined darkly staining 
hypostase consisting of. compactly ar- 
ranged thick-walled cells ( Figs. 4-6). 


ls. flower bud. x34. B-D, transverse sections at levels st, h, and 


MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE —A group of hypodermal arche- 
sporial cells differentiates in the young 
nucellus. The primary parietal cell as well 
as the nucellar epidermis undergo repeated 
divisions giving rise to approximately 
fifteen layers of parietal tissue. Deriva- 
tives of the nucellar epidermis and the 
primary parietal cell are usually distin- 
guishable at least in the earlier stages 
( Figs. 9-11). 


Fics. 2-7 — Development of 
ovule (ce, cellular endosperm ; 
emb, proembryo; h, hypostase ; 
ib, integumentary bundle; ii, 
inner integument; #b, nucellar 
beak ; ne, free nuclear endo- 
sperm; nu, nucellus ; oi, outer 
integument; pt, pollen tube). 
Figs. 2-4, ls. ovules at megas- 
pore mother cell, dyad and 
mature embryo sac stages. 
x141. Fig. 5, ovule with un- 
divided zygote and free nuclear 
endosperm. x52. Fig. 6, older 
stage showing globular pro- 
embryo, cellular endosperm in 
upper and free nuclear endo- 
sperm in lower part of embryo 
sac; note the massive inner in- 
tegument which is much shorter 
than the ‘outer, x22) Pig: 7, 
seed coat from ovule shown in 
Higa Samos: 
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As many as eight megaspore mother Consequent to the completion of Meio- 
cells often develop but usually only one sis I the megaspore mother cell gives rise 
functions while the rest degenerate (Figs. to a small upper dyad cell and a much 

2 larger lower dyad cell. Both of these 


une 


Fics. 14-17 — Development of endosperm. Fig. 14, embryo sac showing first division of 


the primary endosperm nucleus: zygote undivided. x 
undivided zygote, and degenerating antipodals. x418. Fig. 17, embryo sac showing cellular 


Fics. 14-17. 
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undergo Meiosis II, but there is no wall 
formation (Fig. 10). The two-nucleate 
upper dyad cell undergoes early degenera- 
tion, and it is the lower dyad cell which pro- 
duces the embryo sac ( Fig. 11). The dev- 
elopment is, therefore, of the Allium type. 
The two nuclei, separated by a vacuole, 
take up polar positions ( Fig. 12). They 
undergo two further divisions giving rise 
to an eight-nucleate embryo sac ( Fig. 
13) which is elongated, broader above 
and tapering towards the end. The egg 
apparatus comprises the egg and two 
hooked synergids showing a filiform ap- 
paratus. The two polar nuclei lie adja- 
cent to the egg. The three antipodal cells 
are large and vacuolated (Fig. 13). 
FERTILIZATION — The pollen tube ad- 
vances through the transmitting tissue 
of the style. The nucellar beak reaches 
up to the apex of the micropyle and its 
richly cytoplasmic cells probably provide 
nourishment to the growing pollen tube. 
The latter makes its way through the 
parietal tissue, destroying the cells in its 
way, and then enters the embryo sac. 
As a rule, only one pollen tube enters each 
ovule, but one ovule showed two tubes. 
Triple fusion precedes syngamy. The 
pollen tube demolishes one of the syner- 
gids, and its tip appears bifurcated. The 
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Fics. 18-29 — Development of embryo. 485. 


vegetative nucleus and several rounded 
darkly stained X-bodies were observed 
in the discharged end of the pollen tube. 
The tube persists even after fertilization 
and can be identified up to the globular 
stage of the proembryo. | 

ENDOSPERM — The division of the pri- 
mary endosperm nucleus precedes that 
of the zygote (Fig. 14). Since the 
earlier divisions are not accompanied by 
wall formation, the endosperm is free 
nuclear. Figs. 15 and 16 show eight and 
sixteen free nuclei respectively, while the 
zygote is still undivided. Later divisions 
are not synchronous, and while some 
nuclei are in metaphase, others are in 
telophase. Finally, the nuclei take up a. 
peripheral position, but there is a special 
aggregation around the proembryo. 

Wall formation is centripetal and is 
initiated at the micropylar end from 
where it progresses downwards. At the 
globular stage of the proembryo the upper 
half of the embryo sac already shows 
a cellular endosperm, the rest being 
free nuclear (Fig. 17). The nuclei are 
ovoid and contain two to eight nucleoli 
( Figs. 17A, B). 

EMBRYO — The zygote remains un- 
divided until sixteen free endosperm nuclei 
have been formed ( Figs. 16, 18). The 


Figs. 28 and 29, twin proembryos. 


Fics. 30-34 — Twin and abnormal embryo sacs. 
Figs. 33, 34. x566. 


first division of the oospore is transverse 
(Fig. 19). The terminal cell ca and the 
basal cell cb again divide transversely 
giving rise to the cells /’ and / and cz and 
m (Figs. 20, 21). The cell Z undergoes 
a vertical and then a transverse division 
to form a quadrant ( Figs. 21, 22). Fig. 
23 shows the octant stage. Further 
divisions. in the tiers g give rise to a 


For explanation see text. Figs. 30-32. «187. 


globular proembryo ( Figs. 24-27). Trans- 
verse divisions in the tiers cz and /’ produce 
a suspensor of four to eight cells. The 
mature embryo shows a pointed radicle 
and two massive cotyledons enclosing 
the plumule. 

SEED coatT— At the mature embryo 
sac stage the outer and the inner integu- 
ments are four and three-layered respec- 
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tively, but after fertilization the inner 
integument becomes more massive. At 
the globular proembryo stage the outer 
integument shows nine and the inner 
shows twelve layers. The epidermis of 
the inner integument gets cutinized. 
At the micropylar end the cells of the 
outer epidermis of the outer integument 
become thickened. The seed coat is, 
therefore, many layered (Fig. 7). The 
vascular trace in the outer integument 
has well-developed tracheids showing 
spiral thickenings. 

ABNORMALITIES — Normally only one 
embryo sac develops in each ovule. 
However, twin embryo sacs are not un- 
common ( Figs. 30-32). These may lie 
side by side ( Fig. 32); or one below the 
other ( Figs. 30, 31). Fig. 33 shows an 
embryo sac with reversed polarity. The 
egg apparatus has differentiated at the 
chalazal end and the two polars are 
lying close to the egg. No antipodal 
cells could be recognized. Since only 
one such case was found, it seems 
futile to offer any guess as to whether 
a chalazal egg would give rise to an 
embryo. 

Fig. 34 shows an embryo sac with a 
two-celled egg apparatus, while the other 
synergid nucleus appears to have moved 
down to the centre of the embryo sac. 
There are thus three instead of two polar 
nuclei. 

Figs. 28 and 29 show twin proembryos. 
In Fig. 28 the larger embryo is undoubted- 
ly zygotic while the smaller appears to 
have developed from a synergid. The 
presumption that the synergid may some- 
times be fertilized is strengthened by the 
fact that two pollen tubes may occasion- 
ally enter the same embryo sac, but the 
small size of the proembryo on the right- 
hand side seems to indicate that it arose 
from an unfertilized synergid. Since no 
division stages were available, it was 
impossible to settle the point. The 
origin of the smaller proembryo in Fig. 
29 is uncertain. It does not show any 
independent suspensor and may have 
originated by a partial cleavage of the 
zygotic proembryo; or, possibly the line 
of separation between the two embryos 
is an artefact and has no real exis- 
pence, 
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Discussion 


The present study has revealed several 
features of interest like a bisporic embryo 
sac, Solanad type of embryo development, 
polyembryony and twin embryo sacs, 
which may now be considered here. 

According to Srinivasachar (1940) 
there are three middle layers in the anther 
wall of Scutia myrtina, and two in Z.. 
oenoplia and Z. jujuba. However, his 
Fig. 1 (transverse section of an anther 
lobe of Z. jujuba, containing microspore 
mother cells ) does not show any middle 
layer but only the epidermis, endothe- 
cium and tapetum. In Z. rotundifolia | 
two middle layers are present, but degene- 
rate during reduction division. It is 
probable that Srinivasachar’s (1940) 
drawing of Z. jujuba is incorrect. 

Integumentary vascular bundles have | 
been reported in several families of angio- 
sperms ( see Maheshwari, 1950), but this 
is not a common feature. In Z. rotundi- 
folia the funicular vascular strand extends 
up to the apex of the outer integument 
and shows well developed tracheids. 
Similar observations have been made by 
Juel (1929) in Ceanothus and Rhamnus ; 
and Kajale (1944) in Z. jujuba. 

Srinivasachar (1940) has reported a 
unicellular archesporium in the ovules of 
Zizyphus oenoplia and Scutia myrtina, and 
Dolcher (1947) in Rhamnus alaternus. 
In all other members of the Rhamnaceae 
(Z. jujuba, Colletia spinosa, Paliurus 
aculeatus and Hovenia dulcis) so far 
studied it is extensive and multicellular. 
In Colletia cruciata, however, there is a 
tendency towards reduction. 

Dolcher (1947) reports monosporic 
embryo sacs in Colletia spinosa, C. cruciata, 
Paliurus aculeatus, Hovenia dulcis, and in 
Rhamnus alaternus. In all these cases 
there is either a linear or a T-shaped 
tetrad. Normally the chalazal megaspore 
functions, but in Paliurus sometimes other 
megaspores of the tetrad may develop 
while the lowest may degenerate. One 
ovule of R. alaternus showed an undivided 
two-nucleate dyad cell and two mega- 
spores (see Dolcher’s Fig. 71). 

The development of the embryo sac 
has been reported to be of the mono- 
sporic eight-nucleate type in Zizyphus 
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jujuba, Z. oenoplia and Scutia myrtina 
(Srinivasachar, 1940). What Srinivasa- 
char represents as a tetrad of megaspores 
in his Fig. 14 of Z. jujuba appears, how- 
ever, to be a row of three cells comprising 
one megaspore mother cell in synizesis 
and two sporogenous cells lying below it. 
Kajale’s (1944) re-investigation of Z. 
jujuba showed clearly that the embryo 
sac conforms to the Ailium type. 

In Z. rotundifolia a tetrad of mega- 
spores was not noticed in any case. Both 
the dyad cells divide without the accom- 
paniment of wall formation. The upper 
soon degenerates and the lower produces 
the embryo sac. The development is, 
therefore, bisporic and confirms Kajale’s 
(1944) report on Zizyphus jujuba. 

Dolcher (1947) observed many anti- 
odal cells in Paliurus, while Srinivasa- 
char (1940) reports a variation in the 
number of nuclei in the three antipodal 
cells of Z. 7ujuba, which was also observed 
by Chiarugi (1930) in Z. sativa. I did 
not observe either any increase in the 
number of antipodal cells -or nuclei in 
Z. rotundifolia. 

Srinivasachar (1940) failed to notice 
fertilization in Z. jujuba and Scutia 
myrtina. In Z. rotundifolia syngamy was 
observed in several embryo sacs. The 
degenerated pollen tube persists until 
the proembryo becomes globular, but it 

- is doubtful if it can have any haustorial 
role (see Maheshwari & Johri, 1950). 

The endosperm in all the investigated 
species of Rhamnaceae is of the nuclear 
- type (Srinivasachar, 1940; Dolcher, 1947). 
As in Zizyphus jujuba (Srinivasachar, 
1940) wall formation commences at a 
very late stage, but unlike the former 
species, the nuclei at the chalazal end 
continue to divide even after the upper 
part has become cellular. 

The sequence of early divisions in the 
development of the proembryo is variable 
in different members of the family. 

In Ceanothus azureus ( Souèges, 1939 ) 
the first division of the basal cell is trans- 
verse, and of the terminal cell oblique. In 
Rhamnus frangula ( Souèges, 1941 ), Z1zy- 

 phus oenoplia and Z. jujuba ( Srinivasa- 
_ char, 1940) the basal cell divides trans- 
versely and the terminal cell vertically. 
In Z. rotundifolia the basal and the termi- 
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nal cells both divide transversely, followed 
by a longitudinal division of the apical cell. 

In Ceanothus azureus ( Souéges, 1939), 
Rhamnus frangula (Soueges, 1941) and 
in Zizyphus oenoplia, and Z. jujuba 
( Srinivasachar, 1940) oblique walls are 
laid down very early in the development 
of the proembryo. In Z. rotundifolia 
also these irregular divisions commence 
soon after the proembryo is a spherical 
mass of cells. 

So far there does not seem to be any pre- 
vious record of polyembryony in Rham- 
naceae. In Z. rotundifolia additional 
embryos may arise either from a synergid 
or a cleavage of the zygotic embryo. 


Summary 


1. Zizyphus rotundifolia has bisexual 
pentamerous flowers with bicarpellary 
syncarpous gynaecium. The ovary is 
bilocular and contains a single, basal, 
anatropous ovule in each loculus. 

2. The anther wall comprises the glan- 
dular tapetum, two ephemeral middle 
layers, fibrous endothecium and the 
epidermis. The microspores are arranged 
tetrahedrally. The pollen grains are two- 
celled. 

3. The ovules are bitegmic and crassi- 
nucellate. The micropyle is formed by 
the outer integument only. The funi- 
cular strand curves round the ovule and 
reaches up to the apex of the outer integu- 
ment on the distal side. The nucellar 
epidermis and the primary parietal cell 
divide repeatedly giving rise to a massive 
parietal tissue. 

4. The nucellus shows a group of 
hypodermal archesporial cells. The deve- 
lopment of the embryo sac conforms to 
the Allium type. Twin embryo sacs, 
which often show less than eight nuclei, 
are not infrequent. 

5. Double fertilization occurs. In one 
case two pollen tubes were seen in an 
embryo sac. The primary endosperm 
nucleus divides before the zygote and 
gives rise to a nuclear endosperm which 
later becomes cellular. Cell formation 
progresses from the micropylar end down- 
wards. 

6. The basal and the terminal cells of 
the two-celled proembryo divide trans- 
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versely. Derivatives of the terminal cell 
also contribute to the formation of the 
suspensor. 

7. The mature seed is typically dicoty- 
ledonous, has massive cotyledons and a 
thick testa. 

8. Polyembryony occurs but only 
rarely. The additional embryo observed 


was probably derived from one of the 
synergids or may be a result of cleavage of 
the zygotic embryo. 

It gives me great pleasure to acknow- 
ledge my sincere gratitude to Prof. P. 


Maheshwari and Dr. B. M. Johri under | 


whose guidance this work was carried 
out. 
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THE STRUCTURE AND DEVELOPMENT OF THE 
CARYOPSIS IN SOME INDIAN MILLETS. 
1. PENNISETUM TYPHOIDEUM RICH, 


S. NARAYANASWAMI 
Department of Botany, University of Delhi, India 


Introduction 


The high value of many forage grasses 
and the pre-eminence of cereals as food 
plants have stimulated many workers to 
study their embryology as evident from 
the numerous publications on the subject 
which have appeared during the last 25 
years. However, a review of these works 
reveals that the earlier investigations have 
in most cases been fragmentary and in- 


complete. A comparative study of mor- 
phology and embryology of some Indian 
forms was, therefore, undertaken at the 
suggestion of Prof. P. Maheshwari, This 
paper, which is the first of a series, deals 
with the morphology of the bristles and 
the embryology of Pennisetum typhoideum 
Rich., belonging to the tribe Paniceae. 
The exact morphological nature of the 
bristles is controversial. Hofmeister 
(1868) and Goebel (1884) regarded 
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them as the stalks of sterile spikelets and 
Schuman (1895) described them as re- 
presenting “ spikelet stalks or infertile 
axes of the last order or sterile inflores- 
cence branches ”’ ( for literature references, 
see Arber, 1931). In her studies on the 
Gramineae, Arber ( 1931 ) has investigated 
a few species of Pennisetum and considers 
that the individual bristle is not the 
morphological equivalent of a spikelet. 
A brief account of the cytology and 
embryology of the species under investiga- 
tion has been given by Rangaswami 
(1935) and later by Khosla ( 1946). 


Material and Methods 


Pennisetum typhoideum was grown at the 
University Botanical Garden from seeds 
obtained through the courtesy of the 
Agricultural Experiment Station, Coim- 
batore, South India. To facilitate proper 
penetration of the fluid, spikelets of 
various ages were fixed on the spot in 
formalin-acetic-alcohol after clipping the 
glumes. As the bristles are generally 
highly sclerosed, they were softened for a 
week in weak solution of hydrofluoric acid 
in 70 per cent alcohol. For post-fertiliza- 
tion stages the ovaries were dissected out. 
The material was dehydrated, cleared 
and embedded in the usual way. Sections 
were cut 10-18 u thick and stained in 
: Haidenhain’s iron-haematoxylin as well 
as in safranin-fast green, both of which 
gave excellent results. 


Floral Organs and Morphology of 
Bristles 


Pennisetum typhoideum bears ordinarily 
2-spikelet and occasionally 1-spikelet fas- 
cicles on the inflorescence axis. They are 
always associated at their base with a few 
bristles or setae which may be free or 
united to form an involucre. The 1- 
spikelet fascicle bears a lower sterile and 
an upper fertile floret (Fig. 1). Figs. 2-6 
represent transverse sections of such a 
fascicle from base upwards. An involucre 
of several bristles ( Fig. 2, inv. br ), more 
or less completely united, is seen to detach 
from the main axis at the base of the 
spikelet. Each bristle shows a single 
bundle embedded in thick-walled tissue. 


At one side of the spikelet is a similar but 
larger structure containing three bundles. 
This is the continuation of the main axis of 
the fascicle which also ends in a bristle, 
broader and longer than the rest ( Figs. 1, 
2, fas. a). The spikelet is lateral to the 
principal bristle. 

In Fig. 3 can be seen the first empty 
glume (gli) already detached from the 
spikelet. The second glume (gly) and 
the lemma (/;) of the abortive floret are 
in the process of being detached from the 
main axis. Usually the abortive floret is 
represented by its lemma alone, but occa- 
sionally a palea (pr) may also be seen 
(Fig. 3). The upper floret is bisexual 
and possesses both lemma and palea 
(Figs. 4, 5). The lodicules, however, 
are absent. The structure of the 1- 
spikelet fascicle is schematically shown in 
Fig. 6. 

The structure of the 2-spikelet fascicle 
can be followed in Figs. 7-11. The 
spikelets (spk) are lateral to the fascicle 
axis ( Figs. 7, 8, fas.a). It is interesting 
to note that the bristles forming an in- 
volucre are united at the base for a short 
distance. In Fig. 7 the involucre (nv. 
br) has just separated from the spikelet 
axis and.seems to be made up of two 
lateral branch systems, br; and bry, dif- 
ferentiating from the axis in a racemose 
order. Each bristle shoot divides into 
several smaller bristles. The spikelets 
consist of an abortive floret represented 
by a sterile axis and the lemma only 
(Fig. 9) and a fertile floret which is 
hermaphrodite and possesses both lemma 
and palea (Fig. 10). The tips of the 
palea are incurved. A schematic re- 
presentation of the mode of branching 
of the 2-spikelet fascicle is shown in 
Hier: 

Fig. 12 shows a 2-spikelet fascicle of a 
slightly different type. In this case one 
of the spikelets bears a sterile and a 
fertile floret while both florets of the 
second spikelet are fertile — one herma- 
phrodite and the other staminate. Figs. 
13-18 show transverse sections of such a 
fascicle. The construction is practically 
the same as in the previous case. The 
differentiation of the bristle shoots and 
the spikelet shoots on the main axis 
corresponds to that in Fig. 11. 


© 
spk 
ack 


spk + (©) 
©) 


8 © infl.a U 


Fics 1-11 


NARAVANASWAMI — STRUCTURE AND DEVELOPMENT OF CARYOPSIS 101 


Microsporogenesis and Male 
Gametophyte 


In a cross-section each pollen sac shows 
7-8 mother cells ( Fig. 19) while in the 
longitudinal section (Fig. 20) there are 
usually two rows of cells. With the 
commencement of meiosis the protoplasts 
of the polien mother cells round off. A 
secretion of mucilaginous substance within 
the original cell wall has been observed. 
The reduction divisions are successive and 
the anaphasic separations during Meiosis 
I and II are normal ( Figs. 21-24). Occa- 
sionally the divisions in the two dyad 
cells may not be synchronous ( Fig. 25 ). 
During Meiosis II, the spindles are usually 
parallel to each other resulting in the 
formation of isobilateral tetrads ( Fig. 
26). After separation the microspore 
wall differentiates into a smooth exine 
ı showing a single germ pore and a thin 
Bintine (Fig. 27). 

The glandular tapetal cells are conspi- 
| cuous by their large size. They appear 
| radially elongated and contain prominent 
nuclei and cytoplasm. A noteworthy 
feature is that they remain uninucleate 
instead of becoming binucleate as is the 
usual condition in other grasses. The 
tapetum degenerates during Meiosis II. 
The middle layer disorganizes even before 
the commencement of Meiosis I. The 
“hypodermal layer forms the fibrous endo- 
thecium. At the time of dehiscence of the 
anther the epidermal cells appear con- 
siderably elongated and contain atte- 
nuated cytoplasm and nuclei. The cells 
| at the apex of the anther are prolonged 
into bristle-like hairs which present a 
bearded appearance. 

The mature pollen grains are three- 
celled (Fig. 27). Supernumerary divi- 
sions of the vegetative nucleus ( Fig. 28) 
or the two sperm cells ( Fig. 29) may lead 
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to a four or five-nucleate condition. Nor- 
mally the vegetative nucleus degenerates 
early and stains feebly as compared to 
the male cells. 


Ovule 


The ovule is invested by two integu- 
ments and becomes campylotropous when 
mature (Fig. 30). A unique feature in 
the species is the absence of a typical 
micropyle. The outer integument, 4-7 
layered, does not grow much beyond the 
funiculus and forms a hood over the 
nucellus ( Figs. 30, 36, 41). It may oc- 
casionally approach the tip of the inner 
integument. On the chalazal side it may 
sometimes penetrate the tissue between 
the styles ( Fig. 31). The inner integu- 
ment is two-layered on one side and three 
to four-layered on the funicular side. It 
reaches up to the apex of the nucellus, 
but does not cover it. 

The nucellar epidermis undergoes peri- 
clinal divisions during megasporogenesis 
and becomes 4-6 layered ( Figs. 32, 33, 
40). The end cells of each row become 
papillate, slightly curved and richly 
protoplasmic simulating stigmatic papillae 
(Bigs. 36, 37; 39,40.) 


Megasporogenesis and Embryo Sac 


The hypodermal cell directly functions 
as the megaspore mother cell. Meiosis is 
normal and results in the formation of a 
linear tetrad (Fig. 32). The chalazal 
megaspore enlarges and its nucleus under- 
goes three divisions to give rise to an 8- 
nucleate embryo sac ( Figs. 33, 34). The 
two groups of four nuclei are separated by 
a large vacuole. The mature embryo sac 
is organized as usual ( Figs. 35, 36). 

The egg cell is packed with starch grains 
and protrudes below the two pear-shaped 


Fics. 1-11 — Floral morphology. (a, anther; ax, axis; bv; and brn, branches one and 


two; f, filament; fas.a, fascicle axis; gl 
axis; inv.by, involucre of bristles; 


| floret; sty, style). 


1 sections from base upwards at levels shown in Fig. - 1. 
‘ to show relationship of fascicle axis to spikelet. 
fascicle at different levels from base upwards. 


spikelet fascicle. 


Zz; and dn, 


let; ov, ovary; pr and pu, palea one and two; s, 
Fig. 1, ls. 1-spikelet fascicle. 


«45. 


and gin, glumes one and two; infl.a, inflorescence 


lemma one and two; Jat.sp, lateral spike- 
stamens; spk, spikelet; sf. fl, sterile 
x20. Figs. 2-5, same, series of transverse 
x45. Fig. 6, schematic representation 
Figs. 7-10, transverse sections of 2-spikelet 
Fig. 11, schematic representation of 2- 


Fics, 12-18. 
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and male 
Fig. 19, cross-section of anther 
lobe. x 430. Fig. 20, L.s. portion of anther lobe 
showing wall layers and pollen mother cells; 


Fics. 
gametophyte. 


19-29 — Microsporogenesis 


note the degenerating middle layer. Figs. 21- 


| 25, Meiosis I and II. Fig. 26, microspore tetrad. 
| . Fig. 27, three-celled pollen grain, note degene- 
rated vegetative nucleus. Fig. 28, pollen grain 
showing extra nuclei apparently formed by divi- 
sion of vegetative nucleus. Fig. 29, pollen grain 
showing extra nuclei formed by division of 
. sperm cells. Figs. 20-29. 830. 


synergids (Fig. 37). The latter de- 
generate prior to the entry of the pollen 
tube. The two large polar nuclei come 
to lie close to the egg. They may fuse 
prior to fertilization (Fig. 38). The 
three primary antipodal cells begin to 
divide soon after the lower polar nucleus 
has moved up. Five to ten cells, each 
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with 3-8 nuclei, are finally formed. 
They enlarge considerably and occupy 
as much as a third of the embryo sac 
( Fig. 38). During free nuclear divisions 
of the endosperm, the multi-nucleate 
antipodal cells remain healthy, become 
glandular and store food material. Sub- 
sequently, they become somewhat thick- 
walled and vacuolated. The nuclei aggre- 
gate in the centre and coalesce. The cells 
retain their chalazal position, but are 
pushed deeper and deeper into the rapidly 
disintegrating nucellar tissue (Fig. 47). 
As progressive development of the endo- 
sperm continues, the antipodal cells col- 
lapse and are finally obliterated. 


Fertilization 


As has already been pointed out, a 
micropyle is not formed and, therefore, the 
pollen tube comes in direct contact with 
the central glandular part of the nucellus. 
During its passage it penetrates the 
nucellar cells and enters the embryo sac 
( Fig. 39). Fig. 40 shows double fertiliza- 
tion. There is considerable decrease in 
the amount of starch grains inside the egg 
cell after fertilization. The zygote under- 
goes a period of rest while the primary 
endosperm nucleus continues to divide. 

Fig. 41 shows a bicelled proembryo with 
the fusion nucleus lying adjacent to it. 
There is no trace of the pollen tube in this 
embryo sac and the two synergids have 
already degenerated. Normally 32 endo- 
sperm nuclei are present when the zygote 
divides, but in this instance the fusion 
nucleus does not indicate that triple 
fusion has occurred. These facts suggest 
that the egg may have developed par- 
thenogenetically. 


Endosperm 


The division of the primary endosperm 
nucleus precedes that of the zygote. In 
Fig. 42, it has already undergone three 
successive divisions to form eight nuclei, 
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Fies. 12-18 — Floral morphology. 


fl,. bisexual floret; br, branch; fas.a, fascicle axis, scl. sh, sclerenchyma sheath. 
Fig. 12, l.s. 2-spikelet fascicle ( semi-diagrammatic ). x23. 


as in Figs. 1-11.) 


. 


(ax. f.f, axis of fertile floret; ax. 6 fl, axis of male floret; 


Rest, same 
Figs. 13-18, same, 


transverse. sections at levels indicated in Fig. 12. x45 except Fig. 18 which is x23. 


Fics. 30-40 — Female gametophyte, 
pt, pollen tube; sty, style; 
portion of ovule, 
megaspore and upper three degenerating megaspores ; note periclinal divisions in nucellar epidermis. X 363. Fig. 33, two- 
nucleate embryo sac. x 363. Fig. 34, embryo sac with eight free nuclei. Fig. 35, mature embryo sac. x 700. Fig. 36, 
older embryo sac. x 160. Fig. 37, micropylar portion of ovule at time of fertilization ; note papillate protrusions of 
nucellar epidermis beyond inner integument. x 363. Fig. 38, embryo sac showing polar fusion nucleus and coalescence of 
nuclei in antipodal cells (from a microdissection stained in acetocarmine ). X 160. Fig. 39, micropylar portion of ovule 
showing syngamy. x 363. Fig. 40, double fertilization. x 363. Note glandular apical portion of nucellus in Figs. 30, 
82, 33, 36, 37, 39 and 40, 
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but the zygote is still undivided. At 
the time of division of the zygote there 
are 32 free endosperm nuclei and as 
many as 128 at the 4-celled stage of 
the proembryo. The nuclei take up a 
peripheral position in the embryo sac 
and are embedded in a layer of cytoplasm. 
Wall formation is centripetal and is first 
initiated around the proembryo gradually 
extending towards the antipodal end 
( Fig. 43). Frequently cytoplasmic vesi- 
cles extending into the central cavity of 
the embryo sac were also observed. 

The cells of the peripheral layer under- 
go periclinal divisions and thus the endo- 
sperm tissue increases (Fig. 44). Divisions 
in the inner cells are irregular ( Fig. 45 ). 
Finally the entire cavity of the embryo 
sac is filled with large vacuolated cells. 
Subsequently the divisions are confined 
only to the outer one, sometimes to two 
| layers resulting in regular radial rows of 
' cells (Fig. 46). Thus the outermost 
layer of endosperm cells behaves very 
much like a ‘cambium’. 

While the proembryo is still globular, 
the entire embryo sac is occupied by 
} cellular endosperm which is broader in 
the micropylar region (Fig. 47). Gra- 
dually, as embryonal organs differentiate, 
the condition is reversed. The outermost 
cells form the aleurone layer of the mature 
| kernel. Occasionally it may be two- 
| layered. Their cell walls are highly cuti- 
nized, contain an oval nucleus and dense 
cytoplasm with aleurone grains. While 
| these changes are going on in the endo- 
| ‘sperm, degenerating antipodal cells can be 
identified between the aleurone layer and 


| the pericarp. 


Embryo 


The first division of the zygote is trans- 
verse and results in the formation of a 
smaller terminal cell a and a larger basal 
cell 6 (Fig. 50). This is followed by a 
vertical division in the terminal and a 
transverse division in the basal cell ( Fig. 
51). Occasionally division in the ter- 
minal cell may be delayed till after the 
basal cell and even the cell c have divided 
(Fig. 52). Another vertical division, at 
right angles to the first, in the terminal 
cell forms a quadrant ( Fig. 53). Subse- 
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quent divisions are irregular (Figs. 54, 
55). Fig. 56 shows the octant stage. 
The cell c, lying immediately above the 
quadrant, also divides vertically while 
the cell d divides transversely to give rise 
to the tiers e and f. By a series of trans- 
verse and vertical divisions the cell f gives 
rise to a suspensor 8-9 cells long and 2-3 
cells broad (Figs. 55-59). Now the 
proembryo is a globular mass of cells and 
appears club-shaped ( Fig. 59). 

On one side of the proembryo towards 
the terminal end, appears a slight indenta- 
tion which demarcates the lower part of 
the scutellum (Fig. 60). On the ger- 
minal side where the organs differentiate, 
a ring of tissue bulges forward and en- 
closes the vegetative cone or the stem 
tip. The lower crescent grows faster 
than the upper (Fig. 61) and the two 
edges of the concentric bulge unite to 
form the coleoptile. From the stem tip 
(s.t) differentiate the initials of the first 
two primary leaves, /fı and /fır, within the 
coleoptile (Fig. 62). Meanwhile the 
scutellum enlarges rapidly and the layer 
of cells in contact with the endosperm 
forms a weak epithelium. The part of 
the scutellum which overhangs the cole- 
optile does not show any pronounced 
ligular process as reported in some grasses. 
The radicle is finally differentiated and is 
ensheathed by the coleorhiza (cr). The 
latter extends practically up to the same 
level as the scutellum which is inserted 
almost to the base of the coleoptile. The 
calyptrogen gives rise to a root cap ( Fig. 
62,926). 

The different parts of the embryo, as 
seen in longitudinal section, are shown in 
Fig. 62. Figs. 63 and 64 show the cross- 
sections at the level of the nodal plexus. 
A single trace goes to the scutellum (sc.tr), 
two to the coleoptile (col. tr) and a median 
trace (m.tr) to the primary leaf. 


Seed and Fruit 


NUCELLUS — During growth and de- 
velopment of the endosperm and dif- 
ferentiation of the embryo, the cells of the 
nucellus disorganize. Those around the 
embryo sac are the first to collapse, as 
the endosperm encroaches upon the sur- 
rounding tissue (Fig. 47). The outer 
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Fics. 41-49, 
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Fics. 50-64 — Embryo. (col, coleoptile; coltr, coleoptile trace; cr, coleorhiza; If, 
and /f,, leaf primordia; va, radicle; vc, root cap; n, node; prl, primary leaf; s.t, stem 
tip; sc.ty, scutellum trace.) Fig. 50, bicelled proembryo. x448. Fig. 51, vertical and trans- 
verse divisions in terminal and basal cells respectively. 448. Fig. 52, belated division in 

_ terminal cell. 448. Fig. 53, proembryo showing quadrant stage. 448. Figs. 54-59, further 
development of proembryo. 448. Figs. 60, 61, young embryos showing primordia of differ- 
ent organs. x83. Fig. 62, ls. mature embryo. x448. Figs. 63, 64, t.s. embryo at levels 
shown in Fig. 62. x83. 
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Fics. 41-49—Endosperm. (ant, antipodal cells; emb, proembryo; end, endosperm; &.i., inner 
integument; o.i, outer integument; pc, pericarp; sp, space formed by disorganization of 
nucellus; cyt. v, cytoplasmic vesicle.) Fig. 41, fusion nucleus and bicelled, probably partheno- 
genetic, proembryo. 388. Fig. 42, embryo sac showing zygote, free nuclear endosperm and 
multinucleate antipodal cells. 388. Fig. 43, centripetal cell formation in endosperm. x 388. 
Figs. 44, 45, divisions in peripheral layers of endosperm cells. 388. Fig. 46, radial arrange- 
ment of peripheral cells of endosperm. 388. Fig. 47, ls. ovary and ovule showing proem- 
bryo and cellular endosperm. 72. Figs. 48, 49, micropylar portions of ovules showing 
degeneration of outer integument. x 388. 


Fics. 65-74 — Pericarp and tegmen. (al, aleurone layer; 7.2, inner integument; #.m, 
nucellar membrane; nu, nucellus: pe, pericarp.) Fig. 65, outer portion of young caryopsis 
showing pericarp, inner integument, and degenerating nucellus. 662. Fig. 66, same, of mature 
caryopsis. 662. Figs. 67-72, parenchyma and sclerenchyma elements from macerated tissues 
of pericarp. 662. Figs. 73, 74, surface views of outer epidermal cells of pericarp from macerated 
preparations. X662 and x1277 respectively, 


tangential walls of the nucellar epider- tures, the inner and the radial walls of 
mis become suberized at the globular stage cells of this layer also disorganize. The 
of the proembryo. As the caryopsis ma- suberized outer wall alone persists as the 


| | 


| lowed by the inner. 


| These become 
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nucellar membrane (n.m.) between the 
pericarp (fc) and the aleurone layer 
( Figs. 65, 66). 

Testa — During maturation of the 
young caryopsis there is progressive dis- 
integration of the outer integument fol- 
Figs. 48 and 49 show 
the gradual breakdown of the outer 


_ integument (0.2) commencing from the 


tip and progressing towards its base. The 
degeneration of the outer integument at 


, the chalazal end precedes that at the 
_ micropylar. 


Of the inner integument, 
the outer layer disorganizes first. Both 


| the integuments are obliterated in the 


mature caryopsis except for the cells of 
the basal region of the inner integument. 
strongly cutinized and 
persist. 

PERICARP — At the mature embryo sac 
stage the ovary wall is thinnest in the 
region near the funiculus and consists of 
7-8 layers of cells ( Fig. 65) while the rest 
of it is about 15 layers thick. The cells 
when young are thin-walled and parenchy- 
matous. They divide and enlarge during 
the development of the endosperm but 
this activity ceases with the maturation 
of the latter. 


During transformation of the ovary . 


wall into pericarp of the mature seed the 
cell layers in the middle region undergo 
lateral compression. The inner and outer 


| -tangential walls of the epidermal layer 


become highly thickened while their radial 
walls remain thin. Those in contact 
with the inner epidermis are greatly 


| stretched and are closely appressed to- 


gether in the mature state. 

Fig. 65 shows a peripheral portion of 
the pericarp on the funicular side. All 
the cell layers are retained and lignifica- 
tion is confined to the epidermal and 
subepidermal layers alone. Towards the 
stylar end, however, the middle layers 
completely collapse leaving the outer 
epidermis, and one or two hypodermal 
layers and the inner epidermis’ firmly 


| compressed against each other by the 


expanding endosperm. The surviving cell 
layers in this region are more heavily 
lignified than those over the rest of the 
pericarp. 

Figs. 67-72 represent thick-walled paren- 
chyma, sclerenchyma and sclereids from 
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macerated tissues of the pericarp. Some 
of them are short while others are elon- 
gated with blunt or pointed ends. Septate 
sclerenchyma elements enveloped in a depo- 
sit of silica and containing a brownish sub- 
stance are also not uncommon (Fig. 71 ). 
Figs. 73 and 74 show the outer epidermis 
of the pericarp in surface view. It shows 
rectilinear and elongated cells with highly 
lignified walls with numerous simple pits. 


Discussion 


Observations have been presented ear- 
lier on the developmental details of the 
caryopsis in Pennisetum. It would be of 
interest to compare its embryology with 
other members of the Gramineae, es- 
pecially on the morphology of the bristles, 
pollen formation, embryo sac, embryo 
development and the fate of the nucellus 
and integuments. 

The morphology of the bristles asso- 
ciated with the spikelets of Pennisetum 
has been differently interpreted by various 
authors. The conclusions drawn by Arber 
(1931 ) were tentative until other species 
of Pennisetum and the related genus 
Setaria had been investigated. My ob- 
servations on P. typhoideum clearly show 
that the spikelets are lateral to the prin- 
cipal bristle which is but a continuation 
of the main axis of the fascicle beyond the 
spikelets. The spikelet axis- does not 
branch further whereas the bristle shoots 
become subdivided into one-bundled setae. 
The individual bristle, therefore, does not 
warrant the status of a spikelet. In- 
vestigation on Setaria italica leads to the 
same conclusion (author’s unpublished 
work). This is opposed to the views of 
earlier workers like Hofmeister (1878), 
Goebel ( 1884) and Schuman ( 1895 ) who 
consider the individual bristle as equi- 
valent to a spikelet or infertile axis of 
inflorescence branches. The present 
studies, however, indicate the true homo- 
logy of the bristles and the spikelets. It 
would be more reasonable to interpret 
the bristle shoot as a whole, as the mor- 
phological equivalent of a spikelet —a 
view which lends support to the findings 
of Arber (1931) on other species of 
Pennisetum — P. macrouram, P. macrosta- 
chium, P. unisetum, P. ciliare and Setaria 
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glauca. The union of the bristles at the 
base, to form an involucre is somewhat 
similar to that recorded for the related 
genus Cenchrus (Arber, 1931). It 
appears to be made up of two opposite 
branch systems as in C. echinatus 
( Goebel, 1884 ). 

Although the general occurrence of lodi- 
cules has been reported in the genus 
Pennisetum, they are absent in P. typhoi- 
deum. Therefore, the inflexed nature of 
the margins of the palea inside the lodi- 
cules, reported to be characterstic of the 
genus ( Arber, 1931), could not be con- 
firmed. Arber (1931) points out that 
most systematists omit mention of these 
structures and possibly both the types 
may be found within the genus. 

The anther tapetum is glandular and 
remains uninucleate as compared to the 
binucleate condition in other Gramineae, 
The pollen grains are shed in a three- 
celled condition, although Rangaswami 
(1935) reports them to be uninucleate. 
According to him the division of the 
microspore nucleus is postponed until the 
formation of the pollen tube. His obser- 
vations seem to have been based on the 
study of immature pollen. Occasionally 
the vegetative nucleus or the sperm cells 
undergo supernumerary divisions so that 
the pollen grains show 4 or 5 nuclei. 
Darlington and Thomas (1941) and 
Artschwager and McGuire (1949) have 
also reported similar phenomenon in the 
pollen grains of Sorghum. Panicum and 
Eleusine also show this condition ( author’s 
unpublished work). Should such pollen 
grains be effective in fertilization, poly- 
ploid embryos may arise through more 
than one male gamete fertilizing the egg 
which may account for the origin of 
triploids such as have been reported in 
Pennisetum typoideum ( Krishnaswamy & 
Rangaswamy, 1941). 

No unusual features were noticed during 
megasporogenesis. Rangaswami’s ( 1935 ) 
observation on the formation of a parietal 
cell from hypodermal archesporial cell 
appears erroneous. 

The bitegmic ovules are campylotro- 
pous and crassinucellate being 4-5 layered 
as in Paspalum instead of only 2-layered 
as in the related genera Panicum, Setaria 
and Echinochloa (author’s unpublished 
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work). Although a typical micropyle is 
the usual condition in the Paniceae, it is 
somewhat curious that in the species 
under investigation the inner integument 
never reaches the summit of the nucellus, 
as it is arrested in development, the broad 
zone of nucellar tissue protruding through 
the rim of the integument being capped 
by the outer one. The exact significance 


of this is inexplicable, although it sug-. 


gests nutrition of the pollen tube. 

The glandular tapetal cells are coeno- 
cytic containing not more than 8 nuclei. 
Khosla ( 1946 ), however, reports as many 
as 23 nuclei in each cell in the same 
species. 
young ovules failed to show such a large 
number. 

Double fertilization and endosperm 
formation follow the conventional type 
The surface layer of the endosperm shows 


intense cambium-like activity as reported 


in wheat, barley and oats ( Gordon, 1922 ). 

Earlier divisions of the proembryo are 
quite regular but not so in the later stages 
so that the differentiation of the various 
parts could not be referred to particular 


sectors of the proembryo as has been done : 


in Poa ( Souéges, 1924). In this respect 
it is similar to that described for other 
grasses like Zea ( Randolph, 1936), Sac- 
charum and Sorghum ( Artschwager et al., 
1929, 1949). 

During maturation of the embryo, both 
the integuments are obliterated and only 
a few cells of the inner integument, at its 
point of insertion, become highly cutinized 
and persist. This is in contrast to the 
reported persistence of the inner integu- 
ment fused to the pericarp in other cereals 
like Oryza sativa (Terada, 1928; Juli- 
ano & Aldama, 1937), Sorghum vulgare 
( Artschwager & McGuire, 1949), Sac- 
charum officinarum ( Artschwager et al., 
1929 ) and Poa pratensis and P. compressa 
( Andersen, 1927 ). 

The nucellus is completely crushed 
except for the highly suberized outer tan- 
gential walls of the epidermis which 
persist closely appressed to the pericarp 
as a thin membrane — the so-called nucel- 
lar membrane. In Eragrostis (Stover, 
1937), Poa ( Andersen, 1927) and Euch- 
laena (Cooper, 1937 ) the nucellar epider- 
mis persists as a definite layer of cells 
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Microdissected embryo sacs ot 
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( perisperm ) performing a protective func- 
tion, even in caryopsis of advanced age. 
In many of the Paniceae (author’s 
unpublished work), only the inner and 
outer epidermal layers of the pericarp 
survive although in Pennisetum typhor- 
deum, all cell layers persist for the most 
part. The changes are confined to the 
thickening of the cell walls and their 
lateral compression due to expansion of 
the endosperm. Towards the stylar end 
alone, the cells of the inner pericarp may 
collapse due to extreme compression. 


Summary 


The study of morphology of the bristles 
indicates that the bristle shoot as a whole, 
and not the individual bristle, is homo- 
logous with the spikelet. 

The anther tapetum is glandular and its 
) cells remain uninucleate. Reduction 
| divisions of microspore mother cells are 
successive and tetrads are isobilateral. 
The pollen is shed at the three-celled 
stage. Supernumerary divisions of either 
the vegetative nucleus or the sperm cells 
result in the formation of 4 to 5-celled 
pollen grains. 

The ovule is campylotropous, bitegmic 
and crassinucellate. The nucellar epider- 


mis undergoes periclinal divisions and 
becomes 4-6-layered. The outermost layer 
of cells becomes glandular and papillate, 
Of the nucellus only the ‘ nucellar mem- 
brane’ persists. The outer integument 
is feebly developed and the inner one 
does not cover the apex of the nucellus so 
that a micropyle is not formed. Both 
are obliterated, though a few cells of 
the inner integument at its base may 
survive. 

The embryo sac is of the Polygonum 
type. The synergids degenerate before 
fertilization. The antipodal cells become 
glandular, increase in size and number 
and each may show up to eight nuclei. 

Double fertilization occurs. The endo- 
sperm is Nuclear. The peripheral layer of 
endosperm cells shows marked cambium- 
like activity. The aleurone layer is 
usually single though at places it may 
become two-layered. 

I wish to record my deep sense of 
gratitude to Prof. P. Maheshwari for his 
invaluable guidance and keen interest in 
the above investigation and for free 
access to literature from his personal 
library. My sincere thanks are also due 
to Dr. B. M. Johri, Reader in Botany, for 
his encouragement and help in many 
ways. 
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MORPHOLOGISCHE UNTERSUCHUNGEN AN DEN 
KARPELLEN: DER CALYCANTHACEAE 


H. SCHAEPPI 
Schlosshofstr. 24, Winterthur, Switzerland 


Einleitung 


In den letzten 25 Jahren hat die Mor- 
phologie des Gynoeceums eine nachhaltige 
Förderung erfahren. Auf der einen Seite 
ist durch die Untersuchungen in verschie- 
denen Verwandtschaftskreisen die Gestal- 
tung der freien Karpelle genauer bekannt 
geworden. Dabei ergab sich, dass viele 
Fruchtblätter peltat sind. Sie besitzen 
oft einen Stiel, der die schlauchförmige 
Zone trägt. Darüber ist die Karpell- 
spreite gefaltet und die Fruchtblattränder 
bilden die Bauchnaht. Die Samenanlagen 
stehen submarginal. Mit diesem Bau 
hangen die Entwicklungsgeschichte und 
der Leitbündelverlauf aufs Engste zusam- 
men. Nun sind aber die genannten 
Teile eines peltaten Karpells verschieden 
stark und verschiedenartig ausgebildet, 
so dass bei einer einheitlichen Grundform 
eine grosse Mannigfaltigkeit der Gestalten 
zustande kommt. Daneben treten anders 
gestaltete freie Fruchtblätter auf. Zu- 
künftige Forschungen werden zu zeigen 
haben, ob und inwiefern diese mit den 
peltaten Karpellen in Verbindung ge- 
bracht werden können. 

Auf der anderen Seite sind auch 
unsere Kenntnisse des coenocarpen Gynoe- 
ceums stark erweitert und vertieft wor- 
den. So sind durch verschiedene Autoren 
die Art und Weise der Verwachsung, die 
Entwicklungsgeschichte, die Leitbündel- 


versorgung, die Placentation, die Beteili- 


gung der Blütenachse und vieles andere 
mehr studiert worden. Es zeigte sich 
dabei erneut, wie wichtig die genaue 
Kenntnis der apocarpen Gynoeceen für das 
Verständnis der verwachsenblätterigen ist. 


Im Hinblick auf diese Situation haben . 


wir die freien Karpelle der Calycanthaceen 
einer genaueren Prüfung unterzogen. Die 
besonderen Probleme, die sich dabei 
ergaben, sind in den Abschnitten 3 und 4 
eingehend diskutiert. 

Die Calycanthaceae sind eine sehr kleine 
Familie der Ranales ( Polycarpicae ). Meist 
werden die wenigen Arten zu einer Gat- 
tung, Calycanthus, vereinigt. Es sind durch- 
wegs Sträucher mit opponiert und 
dekussierten Laubblättern. 

Wir hatten Gelegenheit Calycanthus 
florida L. ( = Butneria florida Kearney ) 
und Calycanthus praecox L. ( = Chimonan- 
thus praecox Link = Butneria  praecox 
C. K. Schn.) zu untersuchen. Das Material 
der letztgenannten Art verdanken wir 
Herrn Rektor Dr. G. Geilinger. Die 
Untersuchungen sind im Institut für all- 
gemeine Botanik der Universität Zürich 
durchgeführt worden. Wir danken Herrn 
Prof. Dr. H. Wanner bestens für die 
Ueberlassung der Hilfsmittel des Insti- 
tutes.! 


1. Arbeiten aus dem Institut für allgemeine 
Botanik an der Universität Zürich Serie A 


Nr. 5. | 
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ABB. 1—Calycanthus praecox, schematischer 
Längsschnitt durch eine alte Blütenknospe. 
K, Karpelle, weiteres im Text. x 14. 


Zur Morphologie der Blüte 


Die Blütenachse von Calycanthus hat 
die Gestalt eines breiten Kruges ( Abb. 1). 
Sie gleicht damit stark dem Hypanthium 


“von Rosa und verhält sich auch bei der 


Fruchtbildung ähnlich. Sie wächst dabei 
stark heran und umfasst mehrere Schliess- 
früchte. 

' In diesem Zusammenhang haben wir 
auf die histogenetischen Untersuchungen 


. an becherförmigen Blüten- und Inflores- 


zenzachsen von Rauh & Reznik (1951) 
hinzuweisen. Die Autoren haben u.a. 
auch Calycanthus florida geprüft und 
festgestellt, dass der Blütenbecher nach 
dem Konkavtypus angelegt wird. Es 
liegen also trotz der gestaltlichen Ueber- 
einstimmung etwas andere Verhältnisse 
vor als bei der Gattung Rosa, wo das 


_ Hypanthium sich nach dem Konvextypus 


entwickelt. 
Die Blütenblätter stehen in einer fort- 


. laufenden Spirale mit einem Divergenz- 


_ winkel von annähernd 8/21. 


Man ver- 
gleiche dazu das an mehreren Orten 
reproduzierte Diagramm von Baillon. 
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Die zahlreichen Blütenhüllblätter gehen 
aussen allmählich in Hochblätter bezw. 
Knospenschuppen über. Nach innen fol- 
gen die Staubblätter und die Staminodien 
und schliesslich die Karpelle, welche am 
Grunde und seitlich im Achsenbecher 
inseriert sind. Ihre Griffel ragen aus der 
Bechermündung heraus. Bei Calycanthus 
florida fanden wir 25-30 Fruchtblätter, 
bei C. praecox um 10 herum. 


Untersuchungsergebnisse 


Der Bau der Karpelle von Calycanthus 
florida sei an Hand der Abb. 2 dargestellt. 
Im oberen Teil ist die Karpellspreite mehr 
oder weniger flach ausgebreitet ( Abb. 2a). 
Die Zellen der Epidermis sind hier schwach 
papillenartig vorgewölbt. Die ausgebreitete 
Zone des Fruchtblattes ist relativ lang 
und umfasst nicht nur die eigentliche 
Karpellspitze wie bei vielenanderen Frucht 
blättern. 

Beim Übergang in den Griffel beo- 
bachtet man zunächst einen halbring- 
förmigen Querschnitt (Abb. 2b). Die 
morphologische Oberseite kleidet hier eine 
breite Rinne aus, die sich allmählich zu 
einer schmalen Spalte schliesst ( Abb. 
2c). An der Griffelbasis liegen die Kar- 
pellränder dicht aufeinander und ihre 
Epidermiszelien sind verzahnt. Nur ganz 
innen bleibt ein schmaler Griffelkanal frei 
(Abb. 2d.). 

Der Griffel geht ohne scharfe Grenze in 
den Fruchtknoten über, wobei der Grif- 
felkanal sich allmählich zur Fruchtkno- 
tenhöhlung erweitert (Abb. 2e). Auch 
im ganzen oberen Teil des Fruchtknotens 
ist die Karpellspreite gefaltet. Die 
Fruchtblattränder liegen dicht aneinander 
und ihre Epidermiszellen greifen inei- 
nander. Diese Verbindung kommt of- 
fensichtlich postgenital zustande und zwar 

ei Calycanthus florida spät, kann man 
doch an relativ weit entwickelten Kar- 
pellen die noch nicht verbundenen Ränder 
beobachten. Man vergleiche hierzu die 
Untersuchungen von H. Baum (1948 a 
und b), die an einem umfangreichen 
Material mannigfache Abstufungen in der 
postgenitalen Verwachsung feststellen 
konnte. Bei Calycanthus florida ist also 
die Bauchnacht gut sichtbar, ebenso 
äusserlich die Ventralspalte ( Abb. 2f.-h ). 
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ABB. 2 — Calycanthus florida, a-m Querschnitte durch ein Karpell. 
In den Leitbündeln Hadrom schwarz. 
Längsschnitt durch ein junges 


seite nach oben orientiert. 
Fruchtknoten. o, 
a-m & 0 X 60; n x 40. 


Die gleichen Figuren zeigen unmittelbar 
innerhalb der Bauchnaht auf der Innen- 
seite des Karpells je eine schwache Vor- 
wolbung. Das sind die allerdings nur 
wenig entwickelten Plazentarleisten die 
unten (Abb. 2 h und i) je eine Samen- 
anlage tragen. Die Plazentation ist somit 
deutlich submarginal, d.h. die Samenan- 
lagen stehen in Randnähe auf der mor- 
phologischen Oberseite des Karpells (Sprot- 
te, 1940). Sie sind anatrop — aufstei- 
gend. Die beiden Samenanlagen sind in 
alten Blütenknospen annähernd gleich 
gross (Abb. 2n). Degenerationserschei- 


7) 


Morphologische Ober- 
n, Längsschnitt durch den 


Karpell, Q, Querzone. Weiteres im Text. 


nungen konnten wir auf diesem Stadium 
noch nicht feststellen, doch entwickelt 
sich nur eine Anlage zum Samen. 
Unmittelbar unter der Insertionsstelle 
der Samenanlagen wird die Bauchnaht 
undeutlich und verschwindet, ebenso die 
Ventralspalte. Die Karpellspreite ist in 
dieser untersten Zone ein geschlossener 
Schlauch (Abb. 2i-l). Schliesslich folgt 
ein kurzer, dicker Stiel, der das Karpell 
mit der Achse verbindet ( Abb. 2 m). 
Ueber den Verlauf der Leitbündel haben 
wir Folgendes festgestellt: Beim Ueber- 
gang von der Achse in den Stiel und in 


der Ventralmedianus nur sehr kurz. 


ABB. 3 — Calycanthus praecox, a-l, Querschnitte durch ein Karpell wie in Abb. 2, m Längs- 


‚schnitt durch ein Fruchtblatt, Leitbündel gestrichelt, 7.S., 


e-l X 80; m x 40. 


ihm finden schwer zu tiberblickende Um- 
lagerungen statt, derart, dass im oberen 
Teil des Karpellstieles und in der Frucht 


_ knotenbasis 2 einander gegenüberliegende 


Stränge gebildet werden. Ihre Hadrom- 
teile liegen gegen die Karpellhöhlung zu 
(Abb. 2 m und 1). Diese beiden Leit- 
bündel sind als Dorsalmedianus und Ven- 
tralmedianus zu bezeichnen. Während 
nun der erstgenannte in der Medianebene 
des Fruchtblattes bis in die Basis des 
Griffels hinaufführt (Abb. 2m-d), ist 
In 
der Fruchtknotenbasis spaltet er sich in 
zwei laterale Bündel auf (Abb. 2k), die 


_in den Karpellrändern ebenfalls bis in den 
. untern Teil 


des Griffels leiten. Hier 
beobachtet man Verbindungen zwischen 
Dorsalmedianus und den lateralen Strän- 


rudimentäre Samenanlage. a-d x 140; 


gen (Abb. 2d). Im Fruchtkoten haben 
wir keine Transversalbündel erkennen 
können. Die beiden Samenanlagen werden 
von Äesten der lateralen Stränge versorgt 
(Abb. 2 hund): 

Die im vorstehenden gemachten Anga- 
ben beziehen sich auf ein am Grunde des 
Achsenbechers inseriertes Karpell. Die 
auf den Seitenflächen entspringenden 
Fruchtblätter verhalten sich gleich, doch 
sind die Verhältnisse an der Karpellbasis 
nicht so gut zu überblicken. 

Ueberblickt man den Bau und den 
Leitbündelverlauf der Karpelle von Caly- 
canthus florida, so kommt man zum 
Ergebnis, dass sie peltat sind. Der Stiel 
zeigt einen unifacialen Bau. An der 
Basis ist die Fruchtblattspreite schlauch- 
förmig. Allerdings ist die ventrale Wand 
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nur kurz, darüber ist die Karpellspreite 
gefaltet. Zum gleichen Ergebnis führt 
auch die Untersuchung junger Frucht- 
blätter (Abb. 20). Deutlich ist hier die 
Querzone zu erkennen. 

Die Karpelle von Calycanthus praecox 
sind, wie ein Blick auf die Abb. 3 zeigt, 
ähnlich gebaut. So können wir uns darauf 
beschränken, auf die Besonderheiten hinzu- 
weisen. Griffel und Fruchtknoten sind deut- 
lich voneinander abgesetzt (Abb. 3 e) 
und m). Die Ränder des Karpells sind 
hier inniger miteinander verbunden. So 
kann man im Fruchtknotenabschnitt die 
Naht nur streckenweise erkennen. Deut- 
lich ist aber die Ventralspalte zu sehen. 
(Abb. 3f-1). Sie verschwindet erst 
ganz unten (Abb. 3 k und 1). Die 
ventrale Schlauchwand ist also nur sehr 
kurz. Ein solches Karpell hat man als 
latent-peltat zu bezeichnen. Die Stielzone 
ist ebenfalls nur sehr kurz (Abb. 3m). 
In der basalen Region der Karpelle von 
Calycanthus praecox nähern sich die late- 
ralen Leitbündel immer mehr, ohne dass 
es aber zu einer vollkommenen Verschmel- 
zung zu einen Ventralmedianus kommen 
würde (Abb. 3 k und 1). Noch tiefer 
unten lagern sich die Stränge um. Von 
den beiden Samenanlagen bleibt die eine 
nach der Anlegung der Integumente in 
der Entwicklung stehen. Ab und zu 
kann man beobachten, dass sie abgehoben 
wurde und ihre Reste auf der sich weiter 
entwickelnden Samenanlage liegen ( Abb. 
3). 


Zusammenfassung und Vergleich 


Zusammenfassend ergibt sich: Die Kar- 
pelle von Calycanthus sind peltat. Wahrend 
sie bei Calycanthus florida einen Stiel und 
eine kurze, aber deutlich ausgebildete 
ventrale Schlauchwand besitzen, sind 
diese Teile am Fruchtblatt von Calycanthus 
praecox nur schwach entwickelt (latente 
Peltation). Bei beiden Arten ist die 
Karpellspreite im grössten Teil des 
Fruchtknotens gefaltet und ihre Ränder 
verbinden sich postgenital zur Bauchnaht. 
Es werden zwei Samenanlagen gebildet, 
die submarginal-lateral stehen. Bei Caly- 
canthus florida entwickeln sich beide län- 
gere Zeit gleich, demgegenüber ist in alten 
Karpellen von Calycanthus praecox bereits 
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eine reduziert. — Die Karpelle werden 
von einem dorsalen und zwei lateralen 
Leitbündeln durchzogen. Bei Calycanthus 
florida treten die letztgenannten in einer 
kurzen Zone zum Ventralmedianus zusam- 
men. Dorsalmedianus und die lateralen 
Bündel reichen nur bis in die Griffelbasis, 
wo sie miteinander in Verbindung stehen. 
Der Fruchtknoten enthält keine Trans- 
versalbiindel. 


Vergleichen wir nun diese Gestaltung mit | 


derjenigen anderer freier Karpelle ! Hier 


sind in erster Linie die Fruchtblätter der 


Ranunculaceen heranzuziehen, die von 


Troll (1932, 1933 ), Sprotte (1940) undg 
mehreren anderen Forschern untersucht 
worden sind. Die Karpelle mancher Hah- 


nenfussgewächse sind manifest peltat 


und besitzen oft einen ausgeprägten Kar- 
ist dem 
letztgenannte reduziert oder die Querzone — 


pellstiel. Bei anderen Arten 
nur angedeutet (latente Peltation). Es 
liegen also grundsätzlich die gleichen 
Erscheinungen wie bei den Karpellen der 
Calycanthaceen vor. Das nämliche gilt 
auch für die Fruchtblätter der Rosoideen, 


wo man gestielte und peltate Karpelle in 


mannigfacher Ausbildung findet (Schaeppi ! 


& Steindl, 1950). Bei Calycanthus geht 
die Verkürzung der ventralen Schlauch- 
wand parallel mit einer Verlängerung der 
gefalteten Zone des Fruchtblattes. Dies 
trifft man auch bei manchen Ranuncu- 


laceae, während bei anderen (z.B. Ranun- | 


culus) und auch bei einigen Rosoideen 
sich kapuzenförmige Karpelle bilden. 

In Bezug auf die Samenanlagen ist 
Folgendes festzuhalten: Bei den Ranun- 
culaceae stehen sie submarginal-lateral 
oder, wenn nur eine entwickelt wird, oft 
submarginal-median an der ventralen 
Schlauchwand. Zwischen beiden Plazen- 
tationsarten vermitteln Uebergänge. Lein- 
fellner ( 1951 ) spricht von einer U-förmi- 
gen Plazenta, welche die Ventralspalte eines 
peltaten Karpelles umgibt und erblickt 
darin den Plazentationstypus vieler 
freier und verwachsener Angiospermen- 
Fruchtblätter. Dabei können aber die 
Teile der Plazenta verschieden stark 
gefördert sein. Hier ordnen sich nun 
auch die Calycanthaceen ein. Die beiden 
Samenanlagen stehen submarginal an der 
Basis der Ventralspalte. Die 
Plazentation findet man bei der Mehrzahl 


| 
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gleiche | 


Tu rr 


_ Samenanlage gebildet. 


zunächst darauf hinzuweisen, 


| folgendem Ergebnis: 


| Ranunculus 
Damit ist sicher ein wesentlicher Gesichts- 


. versalbündeln besitzen. 
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der Rosoideen. Hier wird meist nur eine 
Bei jenen Rosoi- 
deen, die regelmässig oder ausnahmsweise 


deren 2 entwickeln, reift wie bei Caly- 


canthus nur eine einzige zum Samen. 
Schliesslich haben wir noch den Leit- 
bündelverlauf zu besprechen. Hier ist 
dass er 
wenigstens bei Calycanthus florida die 


. peltate Struktur des Karpells durch die 
- Ausbildung 


eines kurzen ventral’ — 
medianen Stranges wiederspiegelt, wie 


das bei bei vielen freien und verwach- 


senen Fruchtblättern zu beobachten 
ist. — Ueberblickt man die Leitbündel- 
versorgung der Calycanthaceen-Karpelle, 
so sieht man sofort, dass sie relativ 
schwach ist. Smith (1928), der im 


' Zusammenhang mit leitbündelanatomi- 


schen Untersuchungen an den Blüten von 
Calycanthus florida auch kurz auf die Kar- 
pellstränge hingewiesen hat, kam zu 
Die Leitbündel- 
struktur ist so, dass die Karpelle von 
Calycanthus eine Mittelstellung zwischen 


- den vielsamigen Fruchtblättern von Caltha 


und Trollius und den einsamigen von 
oder Hepatica einnehmen. 


punkt zur Diskussion gestellt. Die Leit- 
bündelversorgung hängt eng mit der Zahl 
der Samenanlagen zusammen. Dazu 
kommt aber ein Weiteres. Sprotte ( 1940 ) 


‘hat zahlreiche freie Karpelle auf ihre 


Leitbündel hin geprüft und dies mit der 
Fruchtbildung in Beziehung gebracht. 
Dabei zeigte sich, dass die hülsenfrüchti- 
gen Karpelle neben den longitudinalen 
Strängen ein reiches System von Trans- 
Eher etwas 
schwächer ist das letztere bei den balg- 
früchtigen Karpellen, wie sie häufig bei 
Ranunculacen vorkommen, entwickelt. 
Die genannten Fruchtformen enthalten in 
der Regel mehrere bis viele Samen. Die 
Nüsse hingegen sind durch wenige oder 


| nur einen Samen ausgezeichnet. Hier ist, 
| wie K. Sprotte an mehreren Beispielen 


zeigte, die Leitbündelversorgung stark 
vereinfacht, indem die Transversalstränge 


| grösstenteils oder ganz unterdrückt sind. 


Hier lassen sich nun die Karpelle von 


. Calycanthus angliedern, welche Schliess- 
| früchte bilden. 


Transversalbündel fehlen 


ihnen ganz. Die Vereinfachung greift 
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aber auch auf die longitudinalen Stränge 
über, indem diese nur bis in die Basis des 
Griffels führen. Aehnliche Erscheinun- 
gen sind in mannigfachen Abstufungen 
auch bei Ranunculaceen (Eames, 1931) 
und Rosoideen (Schaeppi & F. Steindl, 
1950) beobachtet worden. Diese Reduk- 
tionen in der Nervatur bei ein-oder 
wenigsamigen Karpellen, welche nussar- 
tige Früchte bilden, stehen in scharfem 
Gegensatz zu den steinfrüchtigen z.B. der 
Prunoideen. Zwar wird auch hier in der 
Regel nur ein Same entwickelt, aber diese 
Fruchtblätter besitzen ein reiches Leit- 
bündelsystem, was offenbar mit der 
postfloralen Weiterentwicklung der Frucht 
wand im Zusammenhang steht ( Schaeppi, 
1950) 

Der im Vorstehenden durchgeführte 
Vergleich ergibt, dass die Fruchtblatter 
der Calycanthaceen sich in Bezug auf 
Gestaltung, Zahl und Stellung der Samen- 
anlagen und Leitbiindelverlauf in eine 
Karpellform einordnen, wie sie bei Ranun- 
culaceen und Rosoideen auftritt. Zwischen 
und innerhalb dieser Verwandtschafts- 
kreise sind zwar erhebliche Differenzen zu 
beobachten, doch handelt es sich nur um 
Abwandlungen einer Grundform, die durch 
Uebergänge miteinander verbunden sind. 
Wir diirfen wohl in diesen Feststellungen 
einen Ausdruck der natiirlichen Verwandt- 
schaft dieser Gruppen erblicken. 


Summary 


The carpels of Calycanthus are utricular 
at the lower end. In Calycanthus florida 
they are supplied with a stalk and a short 
but distinctly developed ventral wall. 
These parts are but slightly developed in 
Calycanthus praecox (latent peltation ). 
The principal part of the carpel-lamina is 
folded and its margins grow together 
postgenitally. They form two ovules 
which are submarginal and lateral. Only 
one of these continues development, how- 
ever. The carpels are supplied with one 
dorsal and two lateral bundles, which 
merge into a ventral trace in Calycanthus 
florida. The vascular supply is very 
simple, because of the small number of 
ovules and of the formation of the fruit. 
Similar carpels are to be met with in the 
Ranunculaceae and the Rosoideae. 
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A NEW TECHNIQUE FOR THE MICRO-DISSECTIONS OF 
EMBRYO SACS OF THE SANTALACEAE 


Rb. PALIWAL 
B. R. College, Agra, India 


No one has so far given a complete 
account of embryological developments 
in the family Santalaceae, though a good 
number of workers have attempted this 
task since the time of Griffith ( 1844). 
The author, who has also been engaged 
on the same problem for some time past, 
feels that the major difficulty is the nature 
of the embryo sac which is unusually 
elongated and curved, especially in Santa- 
lum. A somewhat similar difficulty had 
also been experienced by Singh ( 1952) 
in his work on Dendrophthoe falcata, a 
member of the Loranthaceae. 

The embryo sac of Santalum album has 
the shape of an inverted ‘N’ and is on an 
average 2-5-3 mm. long. With the usual 
paraffin sections it is practically impossible 
to obtain a full view of the sac on account 
of several portions into which it is cut. 
To overcome this difficulty dissections of 


whole embryo sacs were tried in Santalum 
album and S. yasi, at the suggestions of 
Prof. B. Singh. The present paper des- 
cribes this technique and presents some 
observations on the organization of the 
sac. 

Ovaries of all stages, previously fixed in 
formalin-acetic-alcohol or ‘Craf’, are 
treated with 5 per cent KOH solution at 
80°-90°C! for 3-5 minutes. After washing 
with water they are transferred to lactic 
acid for 15-30 minutes, until the surface 
becomes whitish. They are then washed 
with water for 10 minutes and stained 
with basic fuchsin or acetocarmine. The 


1. Heating the material up to this tempera- 
ture does not cause any appreciable damage to 
the cytoplasm or nuclei of the embryo sac and 
the staining capacity also does not suffer much. 
This may partly be due to the thickened wall 
of the embryo sac. 


Bot. Gaz. 85: 1524 
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Fics. 1-8 — Fig. 1, diagram showing perspective view of placenta and three ovules. Fig. 2, two-nucleate embryo sac. 
x 1045. Figs. 3, 4, four-nucleate embryo sacs before and after elongation. x 553. Fig. 5, ‘J’ shaped embryo sac. x 86. 
Fig. 6, embryo sac after acquiring the shape of an inverted ‘N’ ; note the tips of the synergids protruding out of the embryo 
sac.. X 86. Fig. 7, diagram of l.s. ovary showing the position of the embryo sacs. Fig. 8, egg apparatus end of embryo 
sac showing the synergid haustoria, upper endosperm haustorium, and free endosperm nuclei. x 615. (ant, chalazal end 
of the embryo sac harbouring the antipodal cells; cae, laterally developed chalazal caecum; eh, upper endosperm haustorium ; 


en, free endosperm nuclei ; ov, ovule ; pl, placenta ; syh, synergid haustoria.) 
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free central placenta, bearing the ovules, 
is then taken out and placed on the slide 
in a drop of glycerine jelly. It is gently 
pressed with a scalpel and teased under 
a binocular with fine needles to remove 
the tissue covering the embryo sac. Com- 
plete embryo sacs are finally mounted in 
glycerine jelly and the coverslip sealed 
with asphaltum varnish or canada balsam. 

In older stages the ovules can be taken 
out before staining. For staining with 
basic fuchsin, which definitely gives better 
results, the usual treatment of the mate- 
rial with HCl is not essential since its 
purpose is already served by the lactic 
acid used for softening the material. 
Destaining may preferably be done with 
5 per cent acetic acid. A brief account 
of my principal findings is given below. 

There are three ovules in Santalum 
album borne on a free central placenta 
with which they are fused for most of 
their length, excepting at the tip which 
points towards the base of the ovary 
( Fig. 1). Usually only one embryo sac 
develops in each ovule. During earlier 
stages the embryo sac remains fairly small 
( Figs. 2, 3). Its micropylar end grows 
out of the ovule at the four-nucleate stage 
( Fig. 4). It protrudes out passing along 
the surface of the ovule and the placenta, 
and elongates upwards in the direction 
of the stylar canal. Due to this unusual 
growth it acquires the shape of the letter 
‘) (Fig. 5). The egg apparatus is 
organized at the upper free end of the 
embryo sac which is situated in a pocket 
formed by it in the tissue of the placenta. 
The polar nuclei lie in contact with each 
other in the swollen bend just at the apex 
of the ovule, approximately 1:5 mm. 
below the egg apparatus. The anti- 
podals are organized at the other end of 
the embryo sac, situated in the ovule 
( Fig. 5). 

At this stage an outgrowth of the 
embryo sac starts laterally a short dis- 
tance behind the antipodal end. This 
caecum, which forms the chalazal hausto- 
rium of the embryo sac ( Fig. 5), pene- 
trates through the ovule and invades the 
placental tissue so that the embryo sac 
acquires the shape of an inverted ‘N’ 
(Figs. 6, 7). The chalazal haustorium 
becomes more agressive after fertilization. 
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It ramifies and follows a zigzag course 
through the placental axis and finally 
enters the base of the ovary and the 
receptacle for a considerable depth ( Fig. 
ces 
lee fertilization two elongated, narrow 
and somewhat branched outgrowths simu- 
lating pollen tubes arise from the syner- 
gids (Fig. 8, syh.). These, the synergid 
haustoria, grow beyond the placenta and 
enter into the stylar canal. 


Soon after the first division of the pri- | 


mary endosperm nucleus a_ transverse 
wall is laid down dividing the embryo sac 
into two compartments. 


and the cell functions as a haustorium. 


Divisions are confined to the upper cham- — 
ber only and are at first free nuclear. : 
A large number of nuclei are produced — 
in the bend of the embryo sac which now | 


swells like a ‘bulla’. Some of these 
nuclei migrate into the free arm of the 
embryo sac. The upper ( micropylar ) 
endosperm haustorium originates as soon 
as one of the free endosperm nuclei 
reaches near the egg apparatus and func- 
tions as the haustorium nucleus ( Fig. 8, 
eh.). Wall formation in the endosperm 
commences first in the ‘ bulla’ and then 
extends upwards. Later on the endo- 
sperms of different embryo sacs developing 
in an ovary fuse to form a composite 
structure containing a single functional 
embryo. 

Using a similar technique the author 
has also excised the mature embryo sacs 
of Thesium humilarium, Osyris arborea, 
and a few Loranthaceous genera. It is 
felt that this method should be equally 
applicable in embryological investigations 
of other plants.” Just as the iron-aceto- 
carmine smear method has proved a 
handy tool for the study of the male 
gametophyte, so the above technique of 
dissections of embryo sacs should prove 
useful for studies on the female game- 
tophyte. 

I am grateful to Dr. Bahadur Singh, 
Professor of Botany, B. R. College, Agra, 
under whose guidance this work was 
carried out. 


2. My colleague, Mr. R. J. Sharma, has 
recently tried it with success in dissecting out 
the embryo sacs of Heliotropium indicum L. 


[ March | 


The nucleus — 
in the chalazal cell does not divide further | 


| 
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EMBRYOLOGY OF DIOSCOREA OPPOSITIFOLIA L. 


A. NAGARAJA RAO 
Department of Botany, Central College, Bangalore, India 


Introduction 


The Dioscoreaceae is an interesting 
tropical family consisting mostly of climb- 
ing herbs or shrubs with tuberous rhizomes 
at the base. Dioscorea, the chief genus of 
this family, is placed under the tribe 
Dioscoreae by Engler and Prantl ( 1897 ). 
Gamble ( 1925 ) records nineteen species of 
this genus in South India, of which four 
occur near Bangalore; they are D. tomen- 
tosa, D. pentaphylla, D. bulbifera and D. 
oppositifolia. Earlier literature on the 
“ embryology of the family has been review- 
ed by Smith (1916 ) and Schnarf ( 1931 ). 
The present investigation deals with the 
embryology of D. oppositifolia, a brief note 
on which has already been published before 
( Nagaraja Rao, 1951). 


Material and methods 


The material was collected at Banner- 
ghatta and Nandi hills near Bangalore. 
The plant is a twiner with unisexual 
flowers arranged in pendent recemes. The 
materials were fixed in formalin-acetic- 
alcohol and paraffin sections were cut 
at a thickness of 10-20 u. Considerable 
difficulty was encountered in cutting post- 
fertilization stages due to the presence of 
large amounts of tannin. For staining 
Heidenhain’s iron-alum haematoxylin with 
eosin as counter-stain was found satisfac- 
tory. 


Microsporogenesis and male 
gemetophyte 


The wall of the young anther lobe 
( Figs. 1, 2) is made up of three layers of 
cells external to the tapetum. Of these, 
the outermost is the epidermis, next the 
endothecium, and then a middle layer. 
The tapetal cells are uninucleate to begin 
with, but soon become binucleate ( Figs. 
3, 4) and are of the glandular type. At 
maturity the endothecium shows the usual 
fibrous thickenings ( Fig. 5 ). 

The microspore mother cells undergo 
the usual reduction divisions and form 
dyads (Fig. 6) and then tetrads of micro- 
spores ( Figs. 7, 8). Separation of micro- 
spores takes place by cell plate formation 
and they are arranged in the tetrahedral 
manner (Fig. 7). Occasionally they ex- 
hibit an isobilateral arrangement (Fig. 8 ). 

The young pollen grain shows an oval 
outline and has dense contents. There is 
a thick smooth exine and a thin intine. 
Soon the nucleus moves towards the wall 
(Fig. 9) where it divides (Fig. 10) to 
form a large tube nucleus and a small 
generative cell (Fig. 11). This is the 
shedding stage of the pollen grain. 


Megasporogenesis and female 
gametophyte 


The ovary is inferior and trilocular, and 
bears on an axile placenta a single ana- 


Fics. 1-11 — Fig. 1, t.s. young anther lobe showing sporogenous cells and wall layers. X485. 


Fig. 2, same at a later stage. x 485. 


Fig. 3, t.s. young anther lobe showing epidermis, endo- 
thecium, middle layer and dividing tapetal nuclei. X 485. 
binucleate tapetum and microspore mother cells. X 485. 


Fig. 4, same at a later stage showing 
Fig. 5, mature anther wall showing 


epidermis, and fibrous endothecium. x 291. Fig. 6, first division in microspore mother cell. 
x 485. Figs. 7, 8, microspores showing tetrahedral and isobilateral arrangement. x 485. Fig. 9, 
uninucleate microspore. X 485. Fig. 10, first division of microspore. x 485. Fig. 11, mature 
pollen grain. x 485. 


tropous crassinucellate bitegmic ovule in 
each locule. The wall of the ovary is 
many layered and consists of loosely 
arranged parenchymatous cells. Most of 
them are filled with tannin. The outer 
wall of the ovary is studded with multi- 
cellular glands. 

The nucellus consists of a mass of thick- 
walled parenchymatous cells. The two- 
layered inner integument is differentiated 
earlier than the outer which is four- to 
five-layered (Fig. 12). The cells of the 
inner layer of the inner integument have 
dense contents. The micropyle is formed 
by both the integuments and the cells of 
the outer layer of the inner integument 
lying in this region are much elongated. 
The vascular strand of the slender funi- 
culus ends at the base of the chalaza. At 


Fics. 12-21 — Fig. 12, portion of inner and outer integuments enlarged. x 215. 


integuinent; ”, nucellus; 0.1, outer integument. 
sporial cell. x 485. 
linear tetrad. x 900. Fig. 
dividing endosperm nuclei. x 679. 
and chalazal wing x 35. 


about the mature embryo sac stage a 
group of cells at the chalazal region becomes 
conspicuous by its dense cell contents, pro- 
minent nuclei and thickening of walls. 
This tissue, the hypostase, persists even in 
the mature seed ( Figs. 20, 21 ). 

The hypodermal archesporial cell differ- 
entiates in the young nucellus before the 
appearance of the integuments ( Fig. 13 ). 
It divides periclinally producing the pri- 
mary parietal cell and the megaspore 
mother cell (Fig. 14). The primary 
parietal cell by further divisions forms a 
massive parietal tissue. The megaspore 
mother cell divides twice to produce a 
linear tetrad of megaspores of which the 
chalazal functions ( Fig. 15 ) and gives rise 
to an eight-nucleate embryo sac of the 
Polygonum type (Maheshwari, 1948 ). 


— 


ii, inner 


Fig. 13, young nucellus showing primary arche- 
Fig. 14, primary parietal cell and megaspore mother cell. x 485. 
16, mature embryo sac. 


Fig. 15, 


x 679. Fig. 17, two-celled embryo and 


Fig. 18, ovule showing parietally placed endosperm nuclei 
Fig. 19, endosperm at a later stage, showing cellular condition in 
micropylar region and nuclear endosperm below. x 35. 
enlarged to show hypostase and free nuclear endosperm. x 301. 


Fig. 20, chalazal portion of ovule 
Fig. 21, same in mature seed, 


showing cellular endosperm, hypostase, integuments, and loosely arranged cells of wing. x 129. 
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The two-nucleate and four-nucleate embryo 
sacs are more or less spherical and sur- 
rounded by 6-8 layers of nucellar cells. 
By further growth the mature embryo sac 
becomes large and ovoid and only 3-4 
layers of nucellar cells are seen around it. 
In the mature embryo sac ( Fig. 16) the 
synergids are hooked and the egg is pear- 
shaped. As in Dioscorea villosa (Smith, 
1916 ), one of the synergids persists during 
the early stages of embryo development. 
The polar nuclei fuse in the centre of the 
embryo sac. The antipodals are organiz- 
ed as cells but degenerate soon after ferti- 
lization. After fertilization, the antipodal 
end of the embryo sac elongates and finally 
extends to the base of the ovule where 
it comes in contact with the hypostase 
(Fig. 18). 


Endosperm 


The primary endosperm nucleus divides 
without wall formation to produce a num- 
ber of free nuclei which become parietally 
placed in a thin layer of cytoplasm ( Figs. 
17, 18). Some of the nuclei also migrate 
into the elongated lower end of the embryo 
sac. After the formation of a large num- 
ber of endosperm nuclei cytokinesis sets in, 
resulting in the formation of a cellular 
endosperm. Usually wall formation is ini- 
tiated from the micropylar end (Fig. 19). 
Thus while this portion of the endosperm 
is cellular, the lower portion still remains 
free nuclear. At a later stage the endo- 
sperm becomes completely cellular. It 
persists in the mature seed ( Figs. 36-38 ). 


Embryo 


The first division of the fertilized egg is 
usually transverse ( Fig. 22) as in Tamus 
communis ( Solms-Labach, 1878 ) or rarely 


oblique resulting in a two-celled embryo. 
In Dioscorea villosa (Smith, 1916) the 
fertilized egg usually divides in an oblique 
manner, sometimes either vertically or 
transversely. A vertical wall is laid down 
in both these cells resulting in the quadrant 
stage ( Figs. 23, 24). These four cells, by 
another vertical division at right angles 
to the first, form the octant stage ( Figs. 
25, 26). Succeeding divisions are irre- 
gular ( Figs. 27-31). The mature embryo 
(Fig. 32) is elongated with a terminal 
cotyledon, a lateral stem tip and the root 
tip covered by the root cap. A whole 
mount of the fully grown embryo shows the 
flat terminal cotyledon at the base of which 
arises the first secondary leaf ( Fig. 33 ). 


The mature seed 


- The mature seed is ovoid and flattened 
with a very conspicuous membranous wing 
all round ( Fig. 34). The testa is formed 
from the outer integument. The epider- 
mis is followed by loosely arranged cells 
with plenty of intercellular spaces. The 
cells of the innermost layer are regularly 
arranged and their lateral and inner walls 
are conspicuously lignified (Fig. 35). 
These cells also enclose crystals. The 
tegmen, formed by the inner integument, 
consists of two layers of cells of which the 
outer consists of thin-walled and elongated 
cells and the inner consists of elongated 
cells densely filled with tannin ( Fig. 35 ). 

During the development of the seed the 
chalazal region gradually elongates ( Fig. 

18) as a result of the lengthening of the 
cells in that region. Correspondingly and 
at a slightly later stage the cells of the 
outer integument bordering the micropyle 
also become greatly elongated. Both these 
regions gradually extend all round to form 
the wing ( Figs. 36-38). In surface view 


_ Fics. 22-39 — Fig. 22, two-celled embryo. x 900. 
Fig. 25, formation of six-celled embryo. x 900. Fig. 26, 


—> 


Figs. 23, 24, four-celled embryos. x 900. 
eight-celled embryo. x 900. Figs. 


27-31, later stages of embryo development. x 930, except Fig. 27. x 900. Fig. 32, mature embryo 


showing cotyledon ( cot); 


view of mature embryo. x 50. Fig. 34, 


secondary leaf (sl); root cap (rc); 
surface view of seed. x 50. 


stem tip (st). surface 


Eig, asa, 
Fig. 35, portion of 


seed coat enlarged. x 215. en, endosperm; i.i, inner integument; n, nucellus; o.i., outer integu- 


ment.) 


chalazal regions. x 15. 


wing. X 235. 


Figs. 36-38, portions of the same mature seed enlarged at the micropylar, middle and 
: (g.w, chalazal wing; em, embryo; en, endosperm; hy, hypostase; 1.1, 
inner integument; m.w, micropylar wing; o.i., outer integument.) 


Fig. 39, surface view of cells of 


Fies. 22-39. 
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the thin-walled cells of the wing present a 
zig-zag outline and are very compactly 
arranged ( Fig. 39). Some of them con- 
tain tannin. 

The remaining portion of the seed con- 
sists of the massive endosperm with poly- 
gonal cells enclosing oil deposits. Within 
the endosperm lies the conspicuous embryo 


( Fig. 37). 


Summary 


The wall of the anther is made up of 
three layers, external to the tapetum. The 
tapetal cells are binucleate and are of the 
glandular type. The endothecium is 
fibrous. The pollen grains are binucleate 
at the time of shedding. The ovary is 
inferior and trilocular with one to two 
anatropous bitegmic ovules borne on an 
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axile placenta. A hypostase is organized 
at the chalazal end of the ovule. 
development of the embryo sac is of the 
Polygonum type. The synergids 
hooked and the antipodals are organized as 
cells. 
start with but later becomes cellular. It 
persists in the mature seed and its cells 
contain copious deposits of oil. 


Stages in 


The 
are! 


The endosperm is free nuclear to | 


the development of the embryo have been | 


followed in detail and in broad lines it 
resembles that of D. villosa described by 
Smith (1916). The mature seed is flat 
and winged. 


My sincere thanks are due to Prof. P. 
Maheshwari for going through the manu- 
script and making valuable suggestions, 
and to Prof. L. N. Rao and Dr. K. Subra- 
manyam for guidance. 
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EDWARD CHARLES JEFFREY, 1866-1952 


RALPH H. WETMORE AND ELSO S. BARGHOORN 


Department of Biology, Harvard University, Cambridge, Massachusetts, U.S.A. 


Edward Charles Jeffrey, Emeritus Pro- 
fessor of Plant Morphology at Harvard 
University, Cambridge, Massachusetts, 
U.S.A., and one of the foremost morpho- 
logists of his time, died on April 19, 1952. 
Jeffrey was born in Ontario, Canada, on 
May 21, 1866. He received his B.A. 
degree from the University of Toronto 
with honours in Modern Languages and 
English in 1888. Postgraduate study in 
biology, begun at Toronto, culminated in 
his Ph.D. degree in botany at Harvard 
University in 1898. Jeffrey returned to 
Toronto to continue the work previously 
entrusted to him there, namely, laying 


- the foundations for a broad development 


of botany. The completion of his plan 
for Toronto was left to others, however, 


_ for in 1902 he accepted the post of Assis- 


tant Professor of Vegetable Histology at 
Harvard University, to be associated with 
such men as Farlow, Sargent, Thaxter, 
Robinson and Fernald. In 1907, he 


“became Professor of Plant Morphology, a 


chair he occupied until his retirement in 
1933. 
In his early graduate days at the Uni- 


versity of Toronto, Jeffrey read widely 


in the field of botany. He frequently 


. stated that, of all his reading, the greatest 


impact upon his thinking was made by 
the writings of Charles Darwin. It was 
this influence which led him to study the 
evolution of plants from the points of 
view of comparative morphology and 
anatomy. He maintained this approach 
throughout his life. Even in his later 
years, when he turned his major attention 
to cytological and cytogenetic problems, 
it was the evolutionary ends which he 
pursued and the evolutionary interpreta- 
tions which he attempted to deduce. 
During his active career, Jeffrey pro- 
duced alone or jointly with others 115 
publications. Among these are two books 


and numerous significant monographs. In 
addition, at the time of his death, there 
was a third book in manuscript form, 
almost completed. 

Any attempt to evaluate the research 
of Jeffrey’s laboratories must consider 
three major contributions. The first was 
his recognition of the inadequacy of the 
then current classification of vascular 
plants. In 1899, from his studies in 
comparative morphology and anatomy, he 
proposed a new basic classification having 
two primary subdivisions, designated 
respectively Lycopsida and Pteropsida. 
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That almost twenty years should pass 
before Jeffrey’s suggestions were confirm- 
ed by the paleobotanical investigations 
of Kidston and Lang, Kräusel and 
Weyland, and others, and that these 
subsequent investigations have modified 
his classification only in detail point to 
the originality and the grasp of funda- 
mentals which he brought to botanical 
study. 

Jeffrey’s second major contribution to 
the field of comparative morphology 
resulted from his early acceptance of Van 
Tieghem’s Stelar Theory with its concept 
of the stele as the fundamental unit of 
vascular organization rather than the 
vascular bundle of de Bary. During the 
next twenty years he took active part in 
the discussions of the interpretation of 
the origin and development of the various 
manifestations of the stele in diverse 
groups of plants. It has remained for 
those interested in experimental control of 
development to expose the development 
of the stele in the individual plant to the 
light of causal morphology. Botanists 
will recognize, however, that it was the 
investigations of such men as Jeffrey, 
Bower, and Gwynne-Vaughan which laid 
the background for this later approach. 

A third major group of studies and one 
which occupied a large part of his own 
interests and those of many of his students 
was concerned with extinct plants and 
with the history of extinct floras. These 
studies, undertaken for purely morpho- 
logical interest, gradually became focussed 
on that widely distributed geological ac- 
cumulation of plant material known both 
technologically and popularly as coal. 
Jeffrey’s interest first expressed itself 
in a study of the plants preserved in coal- 
bearing rocks. Later this interest con- 
centrated on the substance of coal itself 
and on its ultimate origin and constitu- 
tion. Possibly one might question whe- 
ther this change in emphasis resulted from 
an appreciation of the growing importance 
of coal as a reservoir of energy in a 
technological age. Less certainly might 
one question Jeffrey’s major conclusions 
from his studies on coal, whether related 
to botanical progress or to human affairs 
and technological progress. These are 
abundantly documented and permanently 


PHYTOMORPHOLOGY 


{ March | 


recorded in his basic monograph, The 
Origin and Nature of Coal (1917), or in 
his more popular book, Coal and Civiliza- 
tion (1925). While certain geologists 
disagreed with his nomenclature of the 
constituents of coal, his concept of its 
fundamental plant structure has been | 
generally accepted by sedimentary petro- 

logists and coal geologists. 

The techniques which Jeffrey employed | 
in the preparation of microscopic slides 
of hard and refractory plant tissues were 
derived from his early zoological training 
at the University of Toronto. In apply- 
ing these techniques to plant structure, | 
he not only solved a problem hitherto | 
baffling to botanists but in addition de- — 
veloped methods which made possible 
many of his subsequent studies whether 
with the stems or roots of living plants, _ 
with the remains of fossil plants, or with 
coal, 

To many colleagues throughout the 
world, Jeffrey was known only by his 
publications for he was an indefatigable 
worker who seldom took time to attend 
scientific meetings. He was a member 
of numerous scientific societies, a Fellow 
of the Linnaean Society of London, a 
corresponding member of the Royal 
Society of Canada and an honorary 
member of the Botanical Society of Japan. 
He received an honorary D.Sc. degree 
from the University of Toronto in 1918 
and an honorary LL.D. from Acadia 
University in 1923. 

To botanists, Jeffrey will be long re- 
membered for his fundamental studies in 
comparative and phylogenetic morpho- 
logy and in paleobotany; to geologists he 
will be known for his contribution on the 
structure of coal. To his thirty-odd gra- 
duate students, among whom are to be 
recognized many of the important Ame- 
rican botanists over the past half century, 
he will be remembered as a man of strong 
convictions, and, as occasions arose, a 
ready warrior in support of them. To his 
friends and students he was loyal, kindly, 
considerate and stimulating. The free 
and pleasant discussions in the graduate 
student laboratories on a Saturday after- 
noon or Sunday morning were interesting 
and provocative, not limited to science, 
and characteristically interpersed with 
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classical, historical, or literary allusions. 
These occasions are no small part of the 
memory of the man. 
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WARDLAW, C. W. 1952. ‘Morphogene- 
sis in Plants.” Methuen & Co. Ltd., 
London; John Wiley & Sons Inc. 
New York. 10s. 6d. 


In any species of plant, how does the 
observed form come to be...? Holding 
this question always in mind, Professor 
Wardlaw concisely summarizes many 
past and present botanical researches. 
Asserting that the form of plants is a 
very complex subject, he maintains that 
all aspects of Botany must be utilized in 
its study. He regards morphogenesis as 
a central and integrative regimen of 
modern Botany. 

Embryology is considered in interesting 
and speculative ways. He asserts that 
light and gravity are important in the 
. origin of polarity in embryos. Vöchting’s 
raising of flowering plants on klinostats 
with the resulting normal development of 
' embryos and shoot apices might be con- 
sidered a deterrent to the acceptance of 
the writer’s suggestions. The principle 
of cell division by minimal surfaces might 
have, he suggests, a wide application in 
“embryos among other structures. The 
extreme contradictions to this principle 
shown by Bailey in cambial initials, and 
the formation of tunica layers on the 
‘spheres of young embryos, however, would 
not lead the critical investigator to adhere 
_ unequivocally to this principle. To con- 
sider that the angiospermous zygote and 
the initial cells of embryology are toti- 
potent may also be questioned, since all 
the results of embryo cultures demons- 
trates that these stages of the life history 
are clearly dependent upon very complex 
substances from the embryo sac which 
may only partially be substituted for by 
: such substances as coconut milk; these 
zygotes and proembryos are strikingly 
different in this respect from really toti- 
_ potent zygotes such as those of Fucus. 
. The shoot apex is given its proper due 

by stating “it is the morphogenetic 
region par excellence...and it is there 
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that we must try to observe the action 
of morphogenetic factors”. The con- 
clusion is reached on the basis of experi- 
ments that “ the shoot apex, given appro- 
priate ‘nutrition from below, is a self- 
determining region, and that the charac- 
teristic features of the leafy shoot are, 
in the first instance, determined by it”. 
The overall importance of the experi- 
mental method is here emphasized, with 
the statement that these facts have only 
been established by the application of 
such techniques to this tiny meristematic 
region. 

The integrated organization of the leafy 
shoot (including phyllotaxis) is ten- 
tatively explained by the concept of 
growth centres and their associated physio- 
logical fields. The apical meristem of 
ferns, for example, is considered toti- 
potent, any portion of it ( does this include 
the apical cell ? ) being capable of originat- 
ing leaf primordia or buds. The field 
concept is emphasized by stating that 
“individual lateral organs are thus an 
expression of growth at the shoot apex 
and are not specifically predetermined 
either by the hereditary constitution of 
the plant or by the pre-existence in the 
race of organs of different fundamental 
categories ”’. 

The problems of size and form are 
considered by asking the fundamental 
question: since the primary vascular 
tissues are formed immediately beneath 
the shoot apex, how can they be formed 
in an increasingly complex manner in 
the progressive ontogeny of a plant? 
The question is complicated by the fact 
that, although such structural changes 
are functionally advantageous to the 
mature plant, they are not so during the 
formative stages. 

The author’s statement that “ protein 
synthesis largely takes place in embryonic 
regions ” is questionable; the very small 
volume of these young regions precludes 
their being the source of protein for the 
entire plant. Since proteins of plants 
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apparently cannot be transported after 
their formation, this interpretation has 
inherent contradictions. Furthermore, 
recent work has shown that elongating 
organs show increase in protoplasm, 
largely protein, during their stretching. 
Much earlier work also has shown the 
photosynthetic leaf to be a prime source 
of manufacture of protein. 

The discussion of the biochemical factors 
concerned in organ-formation emphasizes 
the fact that most of our knowledge has 
been obtained by indirect methods. For 
example, auxins and related substances, 
when applied to the plant, are known to 
affect root-formation, stem elongation, 
and leaf form. These effects are but 
temporary in the sense that the formative 
region eventually recovers and later 
produces normal organs, and it is to be 
stressed that they indicate probably 
interferences with more fundamental bio- 
chemical mechanisms. Likewise, polarity 
can be found in transport of auxin and 
other substances, but the phenomenon of 
the plant having a top end and a bottom 
end cannot yet be satisfactorily explained. 

The various chemical and physical 
conditions leading to formation of roots, 
buds, leaves and flowers are discussed. 
It is not known whether a cause-and- 
effect relationship exists between the 
presence of growth-regulating substances 
and the development of these organs. 
Asserting that morphogenesis is probably 
controlled by biochemical factors, and the 
latter by genes, the author nevertheless 
does not come to the modern viewpoint 
that this regulation is in the formation 
and control of one enzyme by one gene. 
It can scarcely be doubted, says the 
author, that genes control development. 
However, it is emphasized that this con- 
trol appears to be not so specific as that 
control over characters of the mature 
plant. An indication of this fact is the 
observation that the embryos of related 
plants resemble each other more closely 
than do the mature related plants. 

In his concluding remarks, Professor 
Wardlaw emphasizes that control of the 
morphogenesis in plants is usually deter- 
mined by so many factors that it is ordi- 
narily possible to isolate only one or two 
of them for special study. He quotes 
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Bower to the effect that you must first 
visualize your problems before you can 
hope to tackle them. Much of the data 
of descriptive plant morphology is of 
little use to the morphogeneticist, except 
that by contemplation of them hypo- 
theses may be conceived. The utilization 


| 


| 
| 


of experimental morphology is evaluated, © 


with the conclusion that it gives much 


information, but that the investigator | 


must turn to physiology for ultimate 
explanations. Conversely, it would seem 
that the writer has not properly empha- 
sized a very real value of experimental 


morphology, i.e. putting plants or plant ! 


parts into “situations” so that their 
subsequent growth may yield data to 


physiology. The calling of indoleacetic | 
“morphogenetic substance ”” must — 


« 


acid a 
be tempered with the facts that it calls 
forth such a multiplicity of morphological 
responses in plants as to be virtually 
valueless in explaining the ultimate form 
of plants. It is concluded that no con- 
ception of the integrated wholeness of a 
plant has been yet produced. 

Advances in knowledge of morphogene- 
sis may be of twofold importance: they 
will permit an integration of our know- 
ledge of living plants, and a comprehensive 
and critical account of evolution, or of 
fossil plants. 


E. BALE 
ALEXOPOULOS, C. J. 1952, Tue 
ductory Mycology.” Pp. 482. John 


Wiley & Sons, New York. $7.00. 


ONLy a few months ago we reviewed in 
these columns an excellent text-book of 
Mycology written by Dr. E. A. Bessey, 
distinguished professor of Botany at the 
Michigan State College. While that book 
is likely to hold its own for many years 
as a thorough treatment of fungi from 
the systematic standpoint, the present 
work of Dr. Alexopoulos, himself an ad- 
mirer of Dr. Bessey, is an important con- 
tribution for those who require something 
of a less advanced nature. 

The author explains in the preface: 
“ The purpose of this book is to answer 
as simply and concisely as possible the 
question — What are fungi and how do 
they effect us ? — for the student in agri- 
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culture, bacteriology, or other general 
field of knowledge who has no time and, 
at this stage of his training at least, no 
desire to enter into the intricate details 
of Mycology.” 

In consonance with this aim he avoids 
phylogenetic speculations and controver- 
sial matters and utilizes the space thus 
saved for presenting very neatly illus- 
trated and instructive life-cycles of many 
of the types described by him. 

Following each chapter there is a 
summary and a list of selected references, 
mostly in English, and at the end there 
is a glossary of mycological terms and a 
very good index. 

The book is attractive, not only on 
account of its content, clear exposition 
and fine illustrations but also its modern 
approach. When the author is unable 
to devote more space to a point, he never- 
| theless calls attention to it so that anyone 
| interested can pursue it further. For 
instance, the concluding sentence on 
Neurospora is: “‘ Those of you who are 


1 especially interested in genetics should 


consult the papers written by Dodge, 
Lindegren, Beadle, Tatum, and their 
co-workers.”’ 

The book includes an account of bac- 
teria and lichens but the latter are dealt 
with in very brief and cursory manner. 
| It would have been better either to treat 

“the group more thoroughly or drop it 
altogether. 

P. MAHESHWARI 


‘GRAY, P. 1952. ‘ Handbook of Basic 
Microtechnique.” Pp. 141. _ The 
Blakiston Co., New York; Constable & 
Comlid. Londons 22s. 64: 


THE author, who is head of the Depart- 
ment of Biological Sciences at the Univer- 
sity of Pittsburgh, has written this treatise 
_ with a view to provide basic procedures 
for preparing biological material for 
microscopic observation. A much larger 
and more exhaustive work giving original 
references to literature is promised to 
appear in the near future. 

The book is intended primarily for the 
_ zoologist but contains much useful mate- 
rial for the botanist as well. The first 
part includes chapters on materials and 
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equipment, fixatives, staining, dehydra- 
tion and clearing, mounting media, whole- 
mounts, smears, and section-cutting. 
Facing page 70 there are very instructive 
tables listing the causes of common 
defects in microtome sectioning and the 
ways of remedying them. 

The second part gives specific instruc- 
tions on the preparation of some selected 
materials mostly of animal origin but 
including such things as bacteria and 
sections of root and stem. 

The directions given are generally quite 
clear and helpful, and illustrations are 
provided where necessary. There is no 
account, however, of the use of the micro- 
scope or the measurement of microscopic 
objects. On page 9 a formula for Navas- 
chin’s fluid is given with instructions 
that either the solution be prepared im- 
mediately before use or ‘ one may prepare 
it as two solutions, keeping the formalde- 
hyde separate from the chromic acid”. 
No formulae have, however, been pro- 
vided for solutions A and B and the 
beginner is, therefore, likely to be left 
somewhat confused as to the actual pro- 
cedure he is to adopt. For preparing 
haematoxylin the author recommends 
dissolving the stain in alcohol, ripening 
the solution for one month and then 
diluting it with water. In our experience 
a solution of the stain made directly in 
hot water is just as good. Concerning 
iron alum it would have been instructive 
to tell the student whether it is the ferric 
or ferrous salt which is intended and also 
that in hot countries this chemical should 
be stored in a refrigerator failing which 
it quickly deteriorates. The formula 
given on page 22 for preparing a safranin 
solution is unnecessarily complicated. 

The criticisms made above are of a 
minor nature only and do not detract 
materially from the value of the book. 

P. MAHESHWARI 


BONNER, J. and GALSTON, A. W. 1952. 
“Principles of Plant Physiology.” 
Pp. 499. W. H. Freeman & Co., San 
Francisco. $5.50. 


THE publication of a new book in plant 
physiology is something of an event, for 
in spite of its importance text-books in 
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this field do not appear very frequently. 
There are obvious difficulties in dealing 
with a rapidly advancing subject but 
there is no doubt that the authors have 
performed their task admirably. 

The emphasis is strongly biochemical 
which is not unexpected not only in view 
of the fact that this is the way the subject 
is now developing, but also because Dr. 
Bonner is especially qualified to write on 
the biochemical activities of the plant. 
The plan of the book is approximately as 
follows: photosynthesis, mineral nutrition, 
water relations, soil, translocation, enzyme 
action, respiration, nitrogen metabolism, 
growth and development, auxins, physio- 
logy of reproduction, dormancy and differ- 
entiation. 

The numerous diagrams, cartoons and 
graphs make the treatment quite dynamic 
and the list of references at the end of 
every chapter is useful for those who want 
to dive deeper into the subject. 

The main criticism the reviewer has to 
make is that while the book presents in 
an entertaining and up-to-date manner 
the results of physiological research, it 
does not always give an equally satisfac- 
tory account of the methods which have 
led to the accumulation of such infor- 
mation. 

On page 11 it is stated that since the 
carbon compounds of plants have less 
oxygen per carbon than does CO,, during 
the photosynthetic transformation of CO, 
the excess oxygen is liberated in the 
molecular form. This would imply that 
in photosynthesis at least a part of the 
oxygen given out comes from CO, which 
is obviously incorrect in the light of 
recent research. This is no doubt just 
a slip because on page 36 an account is 
given of the work of Ruben and others 
and it is made clear that all of the O, 
arises from water. 

After a topic has been discussed in the 
text, there is a short list of questions at 
the end. Answers to all of them are not 
to be found in the book and the reviewer 


PHYTOMORPHOLOGY 


thinks that in some cases there aren’t any 
clear-cut answers, but by all means the 
student should be encouraged to reason 
from the known facts and stimulated to 
find additional facts for himself. 

P. MAHESHWARI 


CHRISTENSEN; C.') Mi “1951 tae 
molds and man.” Pp. 244. Univer- 
sity of Minnesota Press. $ 4.00. 


Wirx the increasing awareness not only 
of the part played by fungi in causing 
disease in plants and animals, but also 
of their role in the balance of nature and 
the economy of mankind, it is well to have 
a new and well-written book which can 
be understood and enjoyed even by the 
beginner. It has that rare combination 
of scientific accuracy as well as easy 
readability which help to hold the reader’s 
attention and initiate him into the subject 
in a painless manner. 

Chapters 1 and 2 are introductory and 
deal with the physiology of reproduction 
and dissemination of fungi, 3 and 4 with 
the associations of fungi with plants and 
animals, 5 and 6 with their depredations 
on plants, 7 with the damage they cause to 
stored products, and 8 and 9 with fungal 
parasites of micro-organisms, insects, fish 
and land animals ( including man ). Chap- 
ter 10 gives the credit side dealing with 
fungi as sources of food, enzymes, citric 
and gluconic acids, antibiotics, etc. 

In every chapter Dr. Christensen has 
given evidence of his marvellous gift for 
making things as vivid and interesting as 
possible and the reviewer recommends 
every student of botany to procure a 
copy of the book for his shelf. The chief 
improvement that one would suggest is 
the inclusion of more illustrations. A 
great deal has been accomplished without 
them but perhaps more can be done with 
them to make the book educative even 
to the layman. 

P. MAHESHWARI 
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